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SUMMARY 


The  First  Conference  on  the  Environmental  Effects  of  Explosives 
and  Explosions,  which  was  held  on  30-31  May,  1973,  took  place  when 
the  general  field  of  study  of  environmental  and  ecological  problems 
related  to  the  manufacture  and  use  of  explosives  was  relatively  new 
but  was  developing  rapidly.  A broad  range  of  topics  was  covered, 
including  the  effects  of  the  underground  nuclear.  testB  in  the  Aleutian 
Islands  ani  the  environmental  Impact  of  the  Deep  Water  Dumping  of 
munitions . 

The  talks  at  the  Second  Conference,  which  are  presented  in  this 
report,  placed  greater  stress  on  current  problems  that  are  more  routine 
in  nature  but  possibly  of  greater  importance  because  the  low-level 
effects  of  explosive  manuf&ctive  and  testing  on  the  environment  will 
require  investigation  and  monitoring  as  long  as  such  work  continues. 

The  papers  presented  here  are  summaries  of  the  talks,  together 
with  prints  of  the  important  slides.  In  some  cases,  only  an  abstract 
la  available. 


The  preparation  of  this  report  was  supported  by  the  Naval  Sea 
Systems  Command  as  part  of  the  Ordnance  Pollution  Abatement  Block 
Program  62765N  SF57-572-391 . 
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The  purpose  of  the  briefing  Is  to  acquaint  you  with  DARCOM'? 

R&D  Environmental  Quality  Program.  DARCOM  is  responsible  for  materiel 
acquisition  for  DA  which  Includes  manufacture,  test,  use,  disposal 
and  pollution  abatement  aspects  associated  with  these  operations, 

Our  objective  Is  to  comply  with  the  several  environments,  laws 
and  regulations.  With  regard  to  water  pollution  abatement,  DARCOM  will 
use  existing  off-the-shelf  or  modified  techniques  to  meet  1977  require- 
ments. Our  R&D  Program  has  milestones  to  meet  the  1983  requirement. 

With  regard  to  air  and  solids  pollution  abatement,  these  requirements 
are  handled  on  a case-by-case  basis  and  for  each  site. 

Our  program  is  limited  at  this  time  to  6.2  funds  although  our 
Lead  Laboratory  charter  Includes  6.1  and  6.3  program  activity.  Our 
milestones  call  for  completion  of  the  6.2  effort  for  our  on-going  work 
units  by  1980.  At  that  time,  pilot  studies  will  be  done  with  manufacturing 
technology  funds  and  the  optimum  approach  will  be  selected  for  final  In- 
corporation Into  the  operation. 

DARCOM1 s policy  and  first  priority  Is  to  eliminate  pollution  at 
the  source  by  either  recycling,  recovering  waste  products  or  redesign 
of  the  process.  If  this  Is  not  feasible,  we  will  then  treat  the  waste 
and  control  the  discharge  to  within  environmental  standards. 

The  DARCOM  R&D  Environmental  Quality  Program  Is  built  around  the 
Lead  Laboratory  concept.  This  concept  means  that  technical  personnel 
contribute  to  management  decisions  by  recommending  which  work  units  should 
be  supported,  at  what  level,  priorities  of  work,  direction  of  program,  etc. 

We  have  a technical  advisory  board  which  Is  comprised  of  DARCOM 
organizations  participating  In  the  studies  and  two  outside  consultants. 

It  has  been  most  effective  In  providing  guidance  to  meet  DARCOM  pollu- 
tion abatement  objectives. 

The  overall  program  Is  organized  by  priorities  and  .echnology  thrust 
areas.  The  first  technology  area,  elimination,  refers  o recycle,  recover 
or  redesign  of  the  process  and  Is  our  first  priority. 

The  second  area,  reduction,  refers  to  physical,  chemical  or  biological 
treatment  to  reduce  pollution  concentrations  to  acceptable  levels. 

i 

The  third  area,  control,  refers  to  characterizing  and  monitoring  the 
effluent  to  verify  the  treatment  procedures. 
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Our  first  priority  is  munition  waste  elimination  studies.  We  have 
two  studies  in  this  area. 

1.  Self-contained  sell  1 ting  - The  current  sodium  sulfite  process 
for  purification  of  TNT  creates  a multitude  of  pollutants.  The  Red  Water 
is  currently  evaporated  to  60$  concentration  and  sold.  This  is  energy  con- 
suming and  If  the  market  Is  ever  terminated,  the  army  would  have  a volumi- 
nous amount  of  pollutants  to  dispose  of. 

We  are  studying  the  use  of  ammonium  sulfite  andmagnesium  sulfite 
as  alternatives  to  the  current  process.  Both  techniques  can  be  at  least 
partially  recycled  and  any  residual  pollutants  can  be  more  easily  disposed 
of.  With  regard  to  the  M0SO4  technique,  which  Is  the  most  promising,  the 
MgO  can  be  recycled.  Also,  a market  exists  for  residual  MgSCh  as  a 
fertilizer  supplement;  thus  this  presents  the  possibility  that  at  certain 
production  levels,  calcination  back  to  the  oxide  might  not  be  necessary. 

2.  Isotrioll  Recovery  - This  process  Is  not  currently  In  use  because 
the  waste  products,  called  Isotrioll , are  too  formidable.  If  abatement 
techniques  can  be  demonstrated,  then  this  would  become  a viable  alter- 
native to  the  current  production  process. 

3.  Liquid  Crystal  Test  for  Brass  Cartridge  Cases  - The  current 
quality  control  test  using  mercury  Is  polluting  "due  to  vapors  and  spills. 

We  propose  to  use  liquid  crystals  on  a darkened  cartridge  case.  We 

heat  the  case  which  is  Immersed  in  a cholesteric  liquid  crystal.  The 
Temperature  gradient  across  a cracked  surface  will  be  displayed  by  a 
change  In  color.  This  work  should  be  completed  this  year. 

Our  second  priority  Is  Munition  Waste  Reduction  Studies.  We  have 
several  studies  ongoing  In  this  area. 

1.  Biodegradation  of  Nitroglycerine  - Bio  pilot  plant  studies  at 
RAAP  are  for  single  base  propellants  and  pretreated  NG. 

An  activated  sludge  system  was  found  to  be  unstable  due  to  the  type 
of  waste  composition  and  loading  rates.  A rotating  bio  disc  system  was 
found  stable  with  BOD  and  COD  concentrations  (400mg/l)  being  removed  at 
94  and  85$  respectively  and  therefore  acceptable  (11  mg/1  BOD;  58  mg/1  COD). 

An  aerated  waste  stabilization  (dispersed  growth)  system  Is  also 
highly  efficient  and  could  be  an  alternative  at  RAAP. 

2.  Fluidized  Bed  Denitrification  - The  purpose  of  this  work  unit  Is 
to  compare  three  systems  for  biodenitrification  of  high  nitrate  wastes 
(a)  Fluidized  bed  (b)  Stirred  or  mixed  vessel  (c)  Fixed  bed. 
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The  stirred  vessel  system  is  the  easiest  to  maintain,  most  stable  and 
most  efficient  to  operate  but  has  the  disadvantage  of  a longer  detention 
time  (10  fold)  for  reaction.  It  Is  99.6%  efficient  in  36  hours  vs  3 hours 
for  other  two  systems.  It  is  also  less  demanding  in  energy  and  less  hard- 
ware needed. 

The  work  will  continue  at  least  for  this  year  because  recent  labora- 
tory findings  show  that  stability  and  efficiency  can  be  improved  for  the 
fluidized  bed  by  altering  Its  design. 

3.  Carbon  Energy  for  Biodenltrification  - This  work  should  provide 
an  economic"  carbon  course  for  biodenitrification  processes.  It  will  re- 
place the  use  of  expensive  methanol.  The  use  of  sewage  sludge  for  a 
carbon  supplement  was  shown  to  be  unfeasible  since  27-30  pounds  of  sludge 
is  needed  to  equal  one  pound  of  methanol.  Waste  dairy  wheys  are  now  being 
studied  for  their  applicability. 

4.  Bioconversion  of  Waste  Discharge  - This  is  a new  start  for  FY77. 

For  the  NS  and  single  base  propeTlant  waste  streams  at  RAAP,  there  are 
many  compounds  not  Intended  for  biotreatment  such  as  TNT,  DNT,  RDX,  HMf, 
waxes,  phenols  plasticizers,  trlnitroresorcinol , etc.  They  enter  the 
bioplant,  nevertheless.  We  need  to  know  what  bioconversion  takes  place, 
if  any,  what  Intermediates  are  formed  and  what  are  the  consequent  hazards 
from  the  byproducts. 

5.  Biodegradability  of  RDX/HMX  - Here  we  want  to  determine  the 
biodegradation,  ff  any,  of  RDX  and  HMX.  This  is  an  adjunct  to  the  Navy 
studies  and  is  an  attempt  to  determine  conclusively,  that  the  explosive 
indeed  undergoes  complete  biodegradation.  The  presence  of  tagged  C-14 
In  cellular  or  metabolic  protein,  lipid  or  carbohydrate  fractions  would 
indicate  that  ultimate  biodegradation  has  occurred.  Absence  of  C-14 
would  of  course  indicate  no  or  Incomplete  biodegradation. 

6.  Toxicant  Build-up  in  Sludge  - If  we  go  to  the  biodegradation  system, 
as  it  appears  we  will,  for  RAAp , we  need  to  know  what  other  pollutants, 
other  than  those  we  are  treating,  could  kill  the  microorganisms  and  shut 
down  the  system.  This  Is  a correlary  to  the  bioconversion  work  where  we 
determine  if  new  toxicants  are  created  as  a result  of  the  bio  process. 

The  work  will  study  changes  In  microbial  population  and  the  usual  BOD,  COD, 
SS,  and  TCC. 

7.  Carbon  Regeneration-  The  purpose  of  this  work  is  to  determine 
the  mechanism  whereby  T¥f  and  RDX  are  adsorbed  on  activated  carbon  and  to 
apply  this  understanding  to  the  development  of  a carbon  regeneration  pro- 
cess. The  development  of  an  elfective  and  economically  feasible  re- 
generation process  is  being  pursued  by  three  methods  (a)  removal  of 


7 


NSWC/WOI./TR  77-3 6 


Irreversibly  adsorbed  derivatives  of  TNT  by  chemical  reaction  (b) 
Identification  of  the  nature  of  the  surface  sites  which  leads  to  chem- 
ical interaction  with  TNT  and  (c)  pre-treatment  of  the  charcoal 
surface  or  TNT  to  prevent  the  formation  of  the  TNT/surface  complex. 

8-  Economic  Analysis  of  Resin  vs  Carbon-  There  are  conflicting  reports, 
about  the  technical' feasi bi 1 ity  and  costs  associated  with  the  use  of 
resin  or  carbon  or  both  in  series  for  the  treatment  of  energetic  material. 
The  purpose  here  Is  to  do  a paper  study  of  all  the  claims  and  determine 
which  technique,  i.e.,  resin  or  carbon,  or  combination  of  techniques 
would  be  the  optimum  system  for  a munition  waste  streams. 

9.  Physical  Treatment  Systems  - Various  physical -chemical  processes 
have  been  studied'  for  the  separation  of  nltro  cellulose  from  wastewater. 
These  include:  (a)  coagulation  filtration  (b)  pre-coat  filtration 
and  (c)  convention  multimedia  filtration.  In  the  first  process,  we 
add  a cationic  polyelectrolyte  to  water  and  then  filter  the  waste.  In 
the  second  technique,  pre-coat,  the  filter  is  coated  with  a cationic 
polyelectrolyte.  Unfortunately,  neither  of  these  two  techniques  were 
effective.  Therefore,  the  third  method,  multimedia  filtration  was 
employed,  I.e.,  mix,  flocculate  and  settle  out  the  solids  and  filter 
the  supernatant.  This  technique  resulted  in  a 94  + % turbidity  re- 
moval and  a 46£  COD  removal.  It  also  has  application  for  the  alcohol 
rectification  and  metal  finishing  operations. 

10.  Foam  Separation  - The  purpose  of  this  work  is  to  remove  TNT  and  Its 
photoclecomposltlon  products  from  aqueous  solutions  by  the  addition  of 
surfactants.  The  TNT  Is  actually  precipitated  out  rather  than  the 
expected  collection  at  the  gas-liquid  interface  and  forming  a foam. 

We  hope  to  recycle  the  sufactant  but  this  has  not  been  successful  yet. 

In  order  to  measure  the  extent  of  removal,  pink  water  containing 
C-14  TNT  was  used.  The  radioactive  pink  water  was  reacted  with  the 
surfactant  and  the  supernatant  was  counted  for  residual  radioactivity 
with  very  little  found.  Thus,  neither  TNT  nor  derivatives  remain  in 
solution  after  reacting  with  the  surfactant. 

Our  third  priority  is: 

1 . Characterisation 

The  purpose  of  this  work  is  to  establish  methods  of  analysis 
optimizing  accuracy,  precision  and  sensitivity  for  the  characterization 
of  explosives,  byproducts  and  other  related  pollutants  in  air  and  wastes 
effluents  generated  at  AAP's. 

We  begun  our  study  at  Volunteer  AAP  using  their  wastewater. 
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2.  Instrumentation 


We  are  now  field  testing  a differentiating  nitric,  and  sulfuric  acid 
ambient  and  stack  monitor.  The  sensitivity  is  in  ppm  or  less.  We  are 
also  developing  a conductivity,  organic  nitrate  and  total  organic  carbon 
-contoc-  monitor  for  AAP  effluents.  Last  we  are  seeking  new  monitoring 
concepts  to  meet  the  very  low  proposed  standards  generated  by  OTSG  for 
TNT,  RDX/HMX,  DNT,  WP,  Pink  Water. 

3.  Correlation  of  BOD,  COD  and  TOC 

The  purpose  of  this  work  is  twofold  (a)  Determine  the  oxygen  demand 
from  energetic  waste  streams  and  (b)  Recommend  to  EPA  the  appropriate 
oxygen  demand  parameters  to  be  Incorporated  in  effluent  guidelines  for  aap's. 

We  have  currently  analyzed  COD  values  with  laboratory  samples  con- 
taining pure  energetics.  The  BOD  analysis  has  encountered  difficulties 
due  to  the  bio-toxic  nature  of  energetic  materials.  Acclimated  seed 
materials  are  being  developed  which  will  be  resistant  to  the  energetic 
wastes.  TOC  work  is  about  to  start. 

4.  Ecological  Surveys 

The  Army  Surgeon  General  has  developed  interim  environmental  standards 
for  several  military  unique  pollutants.  But  they  can't  afford  to  develop 
standards  for  all  the  pollutants  which  are  discharged  from  AAP's.  This 
work  fills  in  that  void.  It  generally  analyzes  the  ecosystem  around  the 
AAP  to  determine  its  current  condition  and  after  pollution  abatement 
measures  are  Incorporated,  the  degree  and  rate  of  recovery.  Aquatic 
vertebrates  and  invertebrates  are  analyzed  along  with  species  number, 
type  and  diversity. 

In  summary,  DARCOM'is  involved  with  solving  pollution  problems 
associated  with  the  manufacture  and  LAP  of  energetic  material.  We  have 
not  been  Involved  in  demilitarization  and  reclamation  of  energetic  material 
from  unserviceable  munitions.  We  have  relied  on  the  Navy  for  this  effort. 

We  seek  your  advice  regarding  what  role  you  see  us  playing,  If  any,  in 
your  demil  program. 
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PHYSICAL  TREATMENT  SYSTEMS 
FOAM  SEPARATION 

OCT  76 

SLIDE  1 


MUNITION  WASTE  REDUCTION  STUDIES  FY  77 
BIOLOGICAL 

BIODEGRADATION  OF  NITROGLYCERINE 
FLUIDIZED  BED  DENITRIFICATION 
CARBON  ENERGY  FOR  BIODENITRIFICATION 
BIOCONVERSION  OF  WASTE  DISCHARGE 
BIODEGRADABILITY  OF  TAGGED  RDX/HMX 
SOIL  DEGRADATION  OF  ENERGETICS 
TOXICANT  BUILD -UP  IN  SLUDGE 

OCT  76 

SLIDE  2 


MUNITION  WASTE  CONTROL  STUDIES  FY  77 


CHARACTERIZATION  OF  ENERGETIC  MATERIAL 
INSTRUMENTATION  DEVELOPMENT 
CORRELATION  OF  BOD,  COD  AND  TOC 
ECOLOGICAL  8URVEY8 
ECOLOGY  DATA  METHODS 
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MAMMALIAN  TOXICOLOGICAL  EVALUATION  OF  WASTEWATERS 
RESULTING  FROM  THE  MANUFACTURE  CF  PRIMERS?-/ 


Danny  0.  Helton  and  Harry  V.  Ellis,  III 
Midwest  Research  Institute 
Kansas  City,  MO  64110 


Chemical  characterization  and  animal  toxicity  studies  on  five 


desensitized  primers,  four  wastewaters  from  primer  production  and  one  de 
sensitization  "Blank"  were  performed.  These  samples  weres 


NuwkfiE.  Name 


1 Desensitized  Pure  Tetrr  ,ene 

2 Desensitized  Pure  Lead  Styphnate 

3 Desensitized  Primer  Mixture  FA  956 

4 Desensitized  Pure  PETN  (pentaerythritol 

tetranitrate) 

5 Desensitized  Pure  Trinitroresorcinol 

(TOR) 

6 Desansitization  Blank 

7 Tetrazene  Wastewater 

8 Pritaer  Mixture  FA  956  Wastewater 

9 Lead  Styphnate  Wastewater 

10  TNR  Wastewater 


The  waatewaters  were  from  Lake  City  Army  Ammunition  Plant, 
Independence,  Missouri.  Desensitized  samples  of  pure  primers  were  in- 
cluded to  help  decide  whether  observed  toxicity  was  due  to  primer  do- 
sensitisation  products  or  other  products  in  the  waste  stream  such  as 
primer  synthesis  intermediates.  Samples  2,  3,  4,  5,  6,  8,  9 and  10 


i/  This  work  was  supported  by  the  U*S*  Army  Medical  Bioengineering  Re- 
search and  Development  Command,  Washington,  DC,  20314,  undfl.r  Con- 
tract No*  DAMD-17-74-4073. 
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were  desensitized  by  adding  atomized  aluminum,  adjusting  pH  to  about  13 
with  sodium  hydroxide  pellets,  and  heating  to  about  90°C  with  steam  for 
an  hour*  Samples  1 and  7 were  desensitized  by  heating  to  about  90°  for 
1 hour* 

A.  Methods 

the  high-pressure  liquid  chromatographic  conditions  werat  In- 
strument-Waters Associates  Modal  220,  Detact or-Schoaffal  770  variable  wave- 
1 ,r.gth,  column  2 ft  x 1/8  in* 

Porasll  AX,  Solvent!  (a)  linear  program  1007.  CH3CN  to  607.  H2O 
in  30  min  with  detector  at  234  nmj  and  (b)  isocratic  it  H2O  in  CH3CN  with 
detector  at  233  nm* 

The  gas  chromatograph  conditions  ware)  Instrument  - Bendlx  2500 
with  flame  ionization  detector,  column  6 ft  x 1/4  in.  with)  (a)  3%  OV-1 
on  Gas  Chrom  Qj  and  (b)  5%  0V-17  on  Anakrom  ABS,  flow  rate  - 50  cc  f^/min, 
column  1*  to  130°,  Injection  T8  to  200°,  Detector  t“  to  200“ . 

B.  Results 

Hlgh-preaaura  liquid  chromatography  and  thin-layer  chromatography 
(Table  1)  ware  most  useful  in  characterising  the  organic  compound*  present 
in  the  various  sample* * complex  chromatographic  patterns  wars  observed  in 
most  cases*  Gas  chromatography  was  useful  only  in  essaying  for  panteeryth- 
ritol  tetranitrat*.  The  original  organic  compounds  (!•«*,  primers)  war* 
present  ip  trace  quantities  or  entirely  absent  from  Samples  1,2,  S,  6,  7, 
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TABLE  1 


THIN- LAYER  CHYiOrlATQGRAPHY  SYSTEMS 


Sample 

Visualization 

No. 

Plata 

Solvent 

Aaent 

1 

Silica  gal  F-254 

93%  Ethanol/conc.  NH^OH  (4:1) 

a,b  , ! 

2 

Silica  gal  F-2S4 

Acetone  saturated  with  . 
ammonium  acetate 

Calluloan  F-254 

95%  Ethanoi/conc.  NH^CH  (4:1) 

a,c 

3 

Silica  gal  F-254 

Acetone  saturated  with 
ammonium  acetate 

a,c 

Silica  gal  F-254 

Cyclohe^cane/Acetone  (1:1) 

a,c 

4 

Silica  gal  F-254 

Cyelohaxana/Acatone  (1:1) 

a,c 

5 

Silica  gal  F-254 

Acetone  aaturated  with 

ananonium  acetate 

a,c 

6 

Silica  gal  F-254 

Acetone  aaturated  with 
ammonium  acetate 

«,c 

7 

Silica  gal  F-254 

95%  Ethanol/conc.  NH^OH  (4:1) 

a,b 

Silica  gal  F-254 

Methanol  chloroform  (1:1) 

a,h 

a 

Silica  gal  F-254 

Acetone  aaturated  with 
ammonium  acetate 

a»b 

9 

Silica  gal  F-254 

Acetone  saturated  with 
ammonium  acetate 

c.b 

10 

Silica  gal  F-254 

Acetone  saturated  with 
ammonium  acetate 

a.b 

•/  UV  light-234  ran 
b/  Ninhydrin  spray. 

£/  \ 2%  dlphenylamlne  in  ethaaol  plus  360  nm  light  for  5 min. 
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8,  9 and  10.  PETN  was  found  In  th«  pracipitatas  of  Sample  3 (<  0.17.  by  dry 
weight)  and  Sample  4 (12 % by  dry  weight). 

The  metal  content  of  the  lead  styphnate  and  FA  956  mixture  sam- 
ples was  determined  by  atomic  absorption  and  is  given  in  Table  2.  S.*dy 
of  the  water  drainage  system  of  Lake  City  AAP  suggests  the  solutions  of  all 
samples  will  be  diluted  by  a factor  of  about  1*000  before  leaving  the  plant 
boundary  * 

Three  lots  of  tetrasene  wastes  (Mo.  7)  wave  received.  The  first 
lot  was  not  used  due  to  a very  low  dissolved  solids  content.  When  toxicity 
data  Indicated  the  second  lot  of  tetrasene  wastewater  to  have  significant 
toxicity*  the  third  lot  was  fractionated  by  silica  gel  colunm  chromatog- 

V 

raphy  to  give  purified  samples  for  toxicity  tests.  Two  compounds  were  iso- 
lated in  sufficient  concentration  for  toxicity  tests.  Infrared  spectra  in- 
dicated one  of  the  compounds  (Fraction  47-55L)  contains  an  aside  group 
while  the  other  (fraction  57-63L)  did  not*, however,  both  were  toxic  to  ani- 
mals . One  of  the  minor  fractionated  component ■ waa  found  to  ba  explosive 
when  scratched  with  e metal  spatula. 

iBXttltY  JlHiflfc 

A.  Methods 

The  various  matariala  wars  nautralisad  with  settle  acid  or  sodium 
hydroxide  and  evaporated  to  about  100  »g/ml.  The  acuta  toxicity  of  those 
extracts  to  laboratory  animals  was  than  determined  using  standard  methods. 
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The  primary  skin  and  eye  irritation  were  determined  with  the 
Draize  procedure!/  using  six  white  New  Zealand  rabbits  per  compound.  The 
lethality  after  a single  oral  dose  was  determined  in  male  and  female  rats 
(Albino  Rats,  CD  Strain)  and  male  mica  (Albino  Swiss  Mice,  CD-I  Strain, 
Charles  River  Laboratories),  Animals  were  observed  for  14  days  and  the 
median  lethal  dose  (LD50)  calculated,  on  the  basis  of  solids  content,  by 
the  problt  method.  The  maximum  dose  used  was  5 g/kg  (50  ml/kg),  since 
larger  volumes  might  cause  stomach  rupture, 

B. 

Results  of  the  irritation  tests  are  shown  in  Table  3*  Desensi- 
tised pure  tetrasene  was  mildly  irritating  to  skin;  all  other  samples  non- 
irritating  to  akin  and  eyes* 

Median  lethal  doses  of  the  various  materials  are  shown  in  Table 
4,  The  desensitised  pure  tetrasene  and  primer  mixture  FA  956  were  moder- 
ately toxic  to  rats,  but  nontoxic  to  mice  at  the  highest  dose  tested.  All 
animals  died  either  on  the  first  day  after  dosing,  with  no  remarkable  symp- 
toms, or  survived  the  entire  holding  period.  There  was  Insufficient  desen- 
sitised tetrasene  wastewater  solids  from  the  first  lot  to  permit  any  test- 
ing, The  second  lot  yielded  enough  for  an  estimated  LD50  in  female  rats 
similar  to  that  of  the  purs  tetrasene.  However,  the  third  lot  wss  an  order 
of  magnitude  more  toxic,  with  LDso'a  ranging  from  0*3  to  0,8  g/kg  in  rats 
and  mica,  Dlffarancas  batween  tha  sexes  of  mics  were  not  slgniflcsnt,  but 
the  preparation  was  mors  toxic  to  female  rats  than  to  mala  rats  or  mice. 
This  presumably  rtflects  known  metabolic  differences  between  the  eexas  in 
laboratory  rats. 
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TABLE  3 

PRIMARY  SKIN  AND  EYE  IRRITATION  IN  NEW  ZEALAND  WHITE  RABBITS  TREATED  WITH 


JMUU 

Compound 

Irritation 

Scoraa 

Number 

Name 

Skin*/ 

1 

Daaanaitisad  Pur*  Tatraaan* 

0.25 

negative 

2 

D*a*natti**d  Pur*  Lead  Styphnate 

0.16 

negative 

3 

Daaanaitisad  Primer  Mixture  FA  936 

0.16 

negative 

4 

D«a«naltls*d  Pur*  PETN 

0.00 

negative 

5 

D*a«naltla*d  Pur*  Trinitro- 
raaorcinol  (TNR) 

0.00 

negative 

6 

Daaanaitisation  Blank 

0.08 

negative. 

7 

Tetrasana  Waatewatar 

0.00 

negative 

a 

Primer  Mixture  FA  956  Waatewatar 

0.00 

nagatlve 

9 

Lead  Styphnata  Waatewatar 

0.12 

negative 

10 

TNR  Waatewatar 

0.08 

negative 

%j  > 0.2,  mild)  > 2.3,  moderate;  > 5.0  severe. 
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Each  of  two  fractions  of  the  tatrazene  wastewater  was  given  to 
four  mice  at  a dose  of  0.5  g/kgj  the  some  dose  of  the  unfractionated  prep- 
aration killed  none  of  the  10  mice  doted.  Two  mica  given  Fraction  47-55L 
and  one  given  Fraction  57-63L  died  within  an  hour  of  dosingi  the  others 
survived.  From  this  and  the  abundance  of  the  fractions  it  is  probable 
that  these  two  Individual  components  represent  much  of  the  toxicity  of  the 
tatrazene  wastewater. 

Summary 

Except  for  the  tetrazene  wastewater  (discussed  below),  all  prim- 
ing compounds  had  little  acute  toxicity.  However,  lead  accumulates  in  ani- 
mals and  many  repeated  small  doses  are  as  toxic  as  a few  large  doses.  The 
only  other  inherently  toxic  component  is  antimony,  an  arsenic-like  toxic 
matal*  It  is  probable  that  the  observed  lethal  effects  of  the  primer  mix- 
ture FA  936  were  due  solely  to  its  lead  and  antimony  content. 

The  desensitized  tatrazene  itself  has  moderate  toxicity.  However, 
certain  lots  of  the  tatrazene  wastewater  (Lot  3)  are  significantly  toxic. 
This  variability  is  unexplained,  but  is  presumably  due  to  qualitative  or 
quantitative  variation  in  the  chemical  desenaitised  wastewater. 
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1*  Drais*,  J.  H.,  Dermal  Toxicity,  pp.  46-39  in  Appraisal  of  the  Safety 

4 

of  Qheqilcals  in  Fooda.  Drags  and  Cosmetics.  Association  of  Food  and 
Drag  Official*  of  tha  United  States,  Washington,  D.C.  (1933)* 
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STUDIES  ON  BACTERIAL  DEGRADATION  OF  ORDNANCE  WASTES* 

John  F.  Wyman,  Louis  H.  DiSalvo,  Harold  E.  Guard, 
Janec  Coffey,  and  John  Blecka 

Naval  Biosciences  Laboratory 

School  of  Public  Health  ♦ 

University  of  California 
Berkeley,  California  94720 


Biodegradation  of  three  Naval  ordnance  chemicals  was  attempted  under  laboratory 
conditions  using  a strain  of  Pseudomonas  aeruginosa  Isolated  from  TNT  waste  ponds. 
Partial  degradation  of  picric  acid  and  Otto  fuel  II  was  achieved  under  anaerobic 
conditions;  negative  results  were  obtained  with  Noset  A.  The  results  provide 
evidence  that  these  materials  are  very  likely  to  be  persistent  environmental 
contaminants. 


INTRODUCTION 

Recent  passage  of  the  Toxic  Substances  Control  Act  of  1976  (1)  as  well  as 
Navy  policies  regarding  environmental  protection  and  enhancement  (2)  require  the 
Navy  to  be  familiar  with  the  environmental  toxicology  of  chemicals  currently  in 
use,  as  well  as  newly  developed  or  adopted  materials  about  which  little  toxico- 
logical information  is  available.  One  primary  area  or  investigation  regarding 
organic  chemicals  is  their  degree  of  susceptibility  to  biodegradation  (by  micro- 
organisms) under  environmental  conditions.  Three  Naval  materials  under  study  in 
our  laboratory  have  been  the  ordnance  chemical  picric  acid  (2,4,6-trinitrophanol) , 
and  the  propellants  Otto  fuel  II  and  Noaat  A.  The  major  conatltuent  of  Otto  fuel 
II  is  propylene  glycol  dlnltrats  (PGDN)  end  of  Noset  A is  triethylene  glycol 
dlnltrate  (TGDN) . 

Concern  over  picric  acid,  PGDN  end  TGDN  as  environmental  pollutants  is 
warranted  considering  reports  In  the  literature  concerning  the  toxic  effects  of 
thesa  and  similar  organic  nitrogen  compounds.  Breakdown  products  very  similar  to 
picric  acid  obtained  from  2,4,6-trinitrotoluene  (TNT)  were  shown  in  our  laboratory 
to  b«  mutagenic  agents  by  means  of  the  Ames  mutagenic  assay  (3) . PGDN  ai  i TGDN 
have  been  shewn  to  cause  methemoglobinemia  in  mammals.  Of  these  two  compounds  PGDN 
has  been  reported  to  be  two  to  five  times  more  lethal  in  rats  than  is  TGDN  (4), 

The  molecular  structure  of  picric  acid  suggested  that  biodegradation  of  picric 
add  would  moat  likely  be  by  reduction  of  one  of  the  nitro  groups  forming  2,4-dini- 
trophenol  or  2,6-dlnltrophanol.  Biodegradation  of  PGDN  end  TGDN  was  expected  to 
occur  by  reduction  of  nitrate  groups  and  result  in  the  formation  of  propylene 
glycol  and  triethylene  glycol.  Theso  compounds  could  then  readily  serve  as  sub- 
strates for  many  bacteria  and  be  metabolised  to  C02  and  H,0.  The  microbial  reduction 
of  nitro  groups  is  an  anaerobic  process  Involving  the  ensyat  systems  nitrate  and 
nitrite  ruductasa  (3).  Therefore  attempts  to  biodegrade  these  compounds  were 
carried  out  employing  anaerobic  conditions. 


* This  work  wis  sponsored  by  the  Navel  Medical  Research  and  Development  Command, 
Coda  474. 
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METHODS  AND  MATERIALS 

The  bacterial  species  used  In  this  Investigation  has  been  identified  in  our 
laboratory  as  Pseudomonas  aeruginosa  (6) . Prior  to  the  use  of  this  organism,  we 
were  unable  to  isolate  picric  acid  utilizers  from  activated  sludge,  garden  soil, 
compost,  and  estuarine  sediments.  Experiments  were  conducted  by  incubation  of  the 
bacteria  in  a mineral  salts  medium  containing  the  ordnance  chemicals  in  solution. 

Medium;  The  medium  used  in  all  investigations  contained  0.051  K^HPO,,  0.021 
MgSO. • 7H,0  (7)  and  a 0.11  (v/v)  nitrogen  free  trace  element  mix  (8)  all  dissolved 
in  distilled  water.  In  order  to  degrade  picric  ecid  we  found  it  neceaeary  to 
supplement  the  medium  with  0.11  yeast  extract  (Dlfco).  Addition  of  yeaat  extract 
to  the  medium  wee  continued  in  experiments  with  Otto  fuel  and  Noset  A.  The  Initial 
concentration  of  picric  acid  in  the  medium  was  0.11  whereas  the  initial  concentration 
of  Otto  fuel  II  end  Noset  A wae  0.51.  Undisaolved  components  of  the  propellents 
(such  as  the  stabilizer,  N-dibutyl  sebacate)  were  removed  from  media  by  filtration 
through  a 0.5  cm  bad  of  cellta  (Johns-Manville  Co.).  All  media  wore  autoclaved 
for  15  min  at  121  C.  Before  inoculation,  the  pH  of  the  media  was  adjusted  to  6.5 
by  dropwlsa  addition  of  12  N HCL. 

Incubation;  Attempts  to  degrade  picric  acid,  Otto  fuel  and  Nonet  A were 
carried  out  in  a 4 liter  Virtia  Laboratory  fermenter  at  ambient  temperature  (25*C) 
and  agitation  of  200  rpm.  Initial  madia  volume  was  3 liters.  Oxygen  In  the  medium 
wee  depleted  by  continuous  bubbling  of  oil-free  argon  through  the  fermenter  jar. 

Pure  cultures  of  Pasudomonas  aeruginosa  were  grown  out  in  nutrient  broth  fi>r  24 
hours,  and  then  removed  from  the  medium  by  centrifugation.  The  cells  ware  resuspended 
in  25  ml  basal  salt  medium  end  added  to  tbs  fermenter.  Picric  acid,  Otto,,  fuel  and 
Noset  A media  ware  each  incubated  for  30  days  after  inoculation  with  Pseudomonas 
aeruginosa.  A viable  cell  count  employing  the  spread  plats  technique  wae  conducted 
during  each  experiment  to  monitor  the  growth  of  the  bacteria. 

Analysis;  Thin  layer  chromatography  (TLC)  coupled  with  a Photovolt  photo- 
densitometer  was  uaed  to  determine  depletion  of  the  organic  nitrogen  compounds  and 
praeance  of  degradation  products.  Quantitation  of  these  compounds  wae  accomplished 
by  comparison  with  known  standards.  Samples  were  periodically  taken  from  the 
fermentor  and  filtered  through  e Milllpora  filter  to  remove  microbial  growth,  before 
extraction  and  spotting  on  TLC  plates. 

Picric  acid  concentration  was  determined  by  extracting  10  ml  of  medium  with 
2 ml  methyl  ethyl  ketone  saturated  with  Nacl.  Four  microlitere  of  the  extracted 
solution  were  spotted  on  TLC  plates  (Quantum  Industries)  and  migrated  10  cm  in 
50* 50 : 1 bancena-ace tone-glacial  acetic  acid.  Plates  were  scanned  photodensito- 
aatrlcally  using  a UV  lamp  to  quantitate  the  picric  acid. 

To  visualise  degradation  products,  10  ml  medium  were  extrected  with  5 ml  of 
methyl  ethyl  ketone.  Five  microliters  of  the  extract  were  spotted  on  Silica  gal  G 
plates  (ANALTSCH)  and  migrated  three  times  with  intsrmittsnt  drying,  a distance  of 
10  cm  in  19tl  benseue-acetona. 

In  the  Otto  fuel  and  Noset  A test  systsms  the  media  wars  analysed  for 
depletion  of  PGDN  and  TGDN.  These  madia  were  extrected  with  ethyl  acetate,  spotted 
on  silica  gal  G plates  and  migrated  twice,  with,  intermittent  drying,  a distance  of 
10  cm  in  3:1  hexene-bsnsene.  Vlaudisatloh  of  PGDN  end  TGEN  wae  accomplished  by 
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spraying  the  platen  with  a IX  solution  of  diphenyl  amine  in  ethanol  and  developing 
under  a UV  lamp  for  1 minute.  Plates  were  scanned  photodensitometrically  to 

quantitate  depletion  of  dinitrates. 

In  all  analyses,  determinations  were  carried  out  in  triplicate,  and  the  results 
were  averaged. 


RESULTS  AND  DISCUSSION 

The  optimum  pH  for  degradation  of  organic  nitrogen  compounds  by  a soil 
bacterium  has  been  shown  to  range  from  6.0  to  7.0  (7).  The  initial  pH  in  each  of 
our  test  systems  was  6.5.  After  0 days  incubation  of  picric  acid  and  Otto  fuel, 
the  pH  steadily  dropped  to  6.3  and  6.14,  respectively.  However,  the  pH  in  the  Noset 
A incubation  system  rose  to  8.5.  The  reason  for  thiB  increase  in  pit  is  unknown  at 
the  present  time.  Growth  curve  analyses  of  the  test  systems  showed  a 1 to  2 log 
increase  in  cells  during  tha  first  24  hr  incubation,  after  which  counts  remained 
fairly  constant  throughout  the  30  day  incubation  period.  Cells  were  viable  in 
each  test  system  at  the  level  of  103  to  10'  cells/ml. 

In  the  picric  acid  system,  biodegradation  was  evidenced  by  a color  change  in 
the  medium  from  yellow  to  brown.  Under  TLC  analysis,  the  R^  value  of  picric  acid 
was  0.17,  while  analysis  of  the  degraded  solution  showed  the  presence  of  a compound 
with  an  value  of  0.47.  We  tentatively  have  identified  this  compound  aa  picramic 
acid  (4-araino“2,6-dinitrophenol) . Quantitative  aasay  of  this  process  is  illustrated 
in  Fig.  1,  which  showa  the  degradation  product  appearing  after  approximately  11 
days  incubation.  An  anomalous  decraasa  in  concentration  of  picric  acid  between 
day  0 to  day  1 may  have  been  due  to  adsorption  of  picric  acid  to  the  fermentor,  or 
to  the  bacterial  cells  which  were  filtered  from  the  medium  prior  to  analysis.  A 
252  loss  in  picric  acid  occurred  over  tha  30  day  incubation  period.  The  amount  of 
picramic  acid  detected  in  tha  medium  represented  only  a 22  conversion  of  the  picric 
acid  to  picramic  acid.  The  loss  in  picric  acid  occurred  either  through  complete 
mineralisation,  or  by  incorporation  of  picric  acid  into  tha  bacterial  cells  which 
were  removed  from  the  medium  before  analysis.  Further  analysis  is  required  to 
determine  how  much  picric  acid  may  be  incorporated  by  a given  bacterial  cell 
biomass. 

In  the  Otto  fuel  system,  Figure  2,  tha  apparent  increase  in  the  concentration 
of  PGDN  is  due  to  the  presence  of  di-n-butyl  sebacata  in  the  test  medium.  Initial 
samples,  up  to  12  days,  do  not  raprasent  the  actual  concentration  of  PGDN  in  the 
medium  since  some  of  this  compound  was  dissolved  in  sabacste.  When  samples  wera 
filtered  through  a Millipor*  filter  tha  aebacata  containing  PGDN  was  removed  c long 
with  tha  bacteria.  After  12  days  Incubation,  the  di-n-butyl-sebacate  was  micro- 
bially  degraded  to  free  the  PGDN.  , 

From  day  12  to  day  26  PGDN  decreased  in  the, medium  by  802.  We  were  unable  to 
demonstrate  the  presence  of  breakdown  products,  such  as  propylene  glycol,  in  this 
teat  system.  Considering  that  propylene  glycol  is  a readily  usable  substrate  for 
many  microorganisms,  it  is  possible  that  this  coippound  If  present,  was  depleted 
to  undetectable  quantities  by  the  bacteria.  A bscterla-free  control  system  demon- 
strated leas  than  0.0162  loss  by  evaporation  over  30  day  incubation  period. 
Therefore' the  posaibility  of  loan  of  PGDN  by  vaporisation  was  ruled  out.  As  with 
picric  acid.  It  la  not  known  how  mu*;h  PGDN  was  lost  from  the  system  by  removal  of 
the  bacterial  calls  prior  to  analysis,. 
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Following  day  26,  analysis  of  samples  on  days  28  and  30  show  a consecutive 
increase  of  approximately  50  pg/ml  in  the  concentration  of  PGDN.  Whether  this 
secondary  increase  is  due  to  physical  or  biological  parameters  cannot  be  known 
without  further  research. 

In  the  Noaet  A system,  which  had  Incubation  conditions  identical  with  those 
of  Otto  fuel  and  picric  acid,  wa  were  unable  to  detect  any  depletion  of  the  TGDN. 
Further  experimentation  with  longer  Incubation  periods  and  other  bacterial  species 
will  be  required  to  a&icertain  whether  TGDN  is  biodegradable. 

CONCLUSIONS 

Prior  investigations  in  this  area  have  been  extremely  limited.  It  is  generally 
conceded  thet  extended  acclimation  periods  are  required  before  microbial  utilization 
of  organic  nitrogen  compounds  will  occur,  and  an  yet,  no  one  has  reported  complete 
metabolism  of  these  typos  of  molecules.  Considering  these  facts,  and  the  results 
obtained  in  this  investigation,  detoxification  by  microorganisms  should  not  be  ' 
considered  as  a practical  solution  to  the  problem  of  eliminating  waste  effluents 
containing  organic  nitrogen  compounds. 
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BIODEGRADATION  OF  TNT  : PROGRESS  REPORT 

Eleonore  G.  Kayser,  John  C,  Hoff sommer,  Donald  J.  Glover* 

Donald  A.  Kubose,  Charles  Dickinson,  and  Ann  Richardson 

Naval  Surface  Weapons  Center  - White  Oak  Laboratory 

Silver  Spring,  Maryland  20910 

Currently  under  investigation  at  NSWC  is  a feasibility  study 
of  using  microorganisms  to  convert  waste  TNT  and  other  nitroaromatic 
compounds  into  molecular  species  that  can  be  completely  metabolized 
to  CO2,  H20,  and  NH3  ar  into  biologically  altered  compounds  that 
have  no  adverse  effects  op  the  ecology.  The  extraction  of  2-amino 
and  4-amino  dinitrotoluenea  as  well  as  nitrite  and  nitrate  ions 
from  the  stream  waters  near  the  bomb  loading  facility  at  NAD, 
McAlester,  indicated  the  possibility  of  using  biological  as  well  sb 
photolytlc  means  to  degrade  dissolved  TNT  in  waste  water. 

The  NSWC  experiments  consisted  of  (a)  batch  studies,  (b) 
continuous  culture  studies,  (c)  Carbon~l4  experiments,  and  (d) 
the  design  and  operation  of  a pilot  scale  ditch  facility. 

The  results  of  several  large  scale  batch  runs  indicated  that 
TNT  supplemented  with  corn  steep  nutrient  could  be  effectively 
biodegraded  utilizing  the  activated  sludge  organisms  acquired  from 
a near-by  sewage  disposal  plant , The  rate  of  TNT  biodegradation  was 
found  to  be  identical  to  the  rate  obtained  with  a pure  pseudomonas 
bacterial  strain  isolated  from  the  contaminated  TNT  streams  at  NAD, 
McAlester . 

The  2-amino  and  4-amino  dlnitrotolueneB  and  the  2,4-diamino 
and  2,6-dlamino  nitrotolueries  formed  in  the  TNT  biodegradation 
process  were  also  found  to  be  biodegradable,  although  at  a slower 
rate  than  TNT,  so  that  high  levels  of  these  materials  would  not 
build-up  in  the  environment  due  to  the  discharge  of  effluent 
containing  an  acceptable  level  of  these  intermediates,.  The  mono- 
amines degrade  to  the  diamines.  The  2-amine  degrades  to  both  the 
2,4  diamine  and  the  2,6  diamine  isomers,  while  the  4-amlne  degrades 
to  only  the  2,4  diamine  Isomer.  An  evaluation  of  the  toxicity  and 
carcinogenloity  of  these  amine  produots  is  currently  under 
investigation.  Figure  1 represents  the  degradation  products  of  *(  -TNT 
which  have  been  identified,  isolated,  and  analyzed  by  a combination 
of  thin  layer  and  vapor  phase  chromatography. 

Batch  studies  of  TNT  < run  aerobically  and  anaerobically  over 
a 24  hr.  period  indicated  that  TNT  is  degraded  to  a greater  extent 
in  an  aerobic  Bystem  (99. 5$)  than  in  an  anaerobic  system  (6956).  The 
percent  of  amine  products  formed  in  the  anaerobic  system  was  almost 
three  times  that  formed  in  the  aerobic  system. 

Batch  runs  were  also  used  to  determine  the  effects  of 
temperature  and  pH  on  TNT  biodegradation.  The  resulting  data  showed 
that  within  the  5*-53*C  temperature  range,  the  TNT  was  95-99# 
biodegraded  with  the  usual  distribution  of  amine  products  formed. 
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The  results  of  the  pH  study  showed  that  TNT  was  only  ^15$ 
degraded  in  the  pH  range  of  6. 0-6. 2,  while  in  the  ranges  of  7. 4-7. 8 
and  8. 7-9.1,  the  % TNT  biodegraded  wa3  99$  and  97$  respectively. 

The  8. 7-9.1  region  cannot  be  considered  useful  for  practical  TNT 
degradation  due  to  the  noticeable  build-up  of  amine  products  (*75$). 

TNB  and  RDX  were  also  tested  for  their  biodegradability 
using  the  same  batch  system  as  that  used  for  TNT.  TNB  was *99.5$ 
biodegradable  aftc-r  a 48  hr.  incubation  period.  The  only  product 
Identified  by  (JC/MS  was  3, 5-dlnitroanillne  which  was  found  in  about  a 
2.5$  yield.  RDX  was  not  biodegradable,  although  it  did  not  inhibit 
the  degradation  of  TNT  in  an  RDX-TNT  mixture. 

Experiments  were  also  oonoucted  in  a continuous  culture 
laboratory  scale  activated  sludge  plant .Using  this  technique,  we 
were  able  to  study  the  relatively  long  term  effects  (3-4wks)  of  TNT 
degradation  on  a biological  system  as  well  as  providing  data  for  the 
pilot  scale  biodegradation  facility.  Experiments  were  designed  to 
determine  (a)  the  effect  of  various  nutrient  concentrations  on. TNT 
biodegradation  and  amine  product  formation,  (b)  the  effect  of  two 
nutrients  ( e.g.  glaok  Strap  Molasses,  £orn  £teep  ilquor),  and  (c) 
the  long  term  effects  of  anaerobic  conditions  on  TNT  degradation. 

Optimum  results  for  TNT  degradation  were  achieved  with  a 
rapidly  growing  colony  of  bacteria.  This  was  accomplished  by  adding 
enough  supplemental  nutrient  sp,  that  the  daily  Increase  in  the 
weight  of  the  l'loc  averaged  10-20$.  A zero  or  low  order  floe  growth 
rate  reduoed  the  effeclency  of  the  biodegradation  process  and  lead 
to  increased  concentrations  of  the  aminodinltrotcluenes . 

Nutrient  substitution  of  BSM'for  CSL  did  not  have  a 
noticeable  effect  on  either  the  rate  of  TNT  degradation  nor  oh  the 
formation  of  the  amlnodlnltrotoluenes  which  was  comparable  for  both 
systems. 

The  results  of  relatively  long  term  anaerobic  conditions  on 
TNT  degradation  in  the  CCP  agreed  with  the  data  obtained  from  the 
batch  studies,  that  of  greater  amine  formation  under  anaerobic 
conditions,  v .rying  the  level  of  dissolved  oxygen  in  the  CCP  had  no 
significant  effect  on  process  effecienoy  provided  that  aerobic 
conditions  were  ma  ntalned.  However,  if  the  dissolved  oxygen  level 
decreased  below  Ippm,  the  amount  of  aminodinitrotoluenes  produced 
increased  until  under  completely  anaerobic  conditions  essentially 
all  the  degraded  TNT  was  converted  to  these  and  other  amine  products. 

Biodegradation  experiments  were  also  carried  out  using  C-l4 
labelled  TNT  in  order  to  determine  the  distribution  of  the  C-l4 
activity  and  also  to  detect  if  C-l4  C02  was  being  formed  which  would 
Indicate  aromatic  ring  cleavage . 

The  C-14  TNT  was  used  in  several  batch-type  biodegradation 
experiments  in  which  all  the  materials,  TNT,  activated  sludge 
organisms  and  corn  steep  nutrient  were  initially  mixed  together  and 
aerated.  Water  and  aqueous  potassium  hydroxide  traps  were  provided 
to  capture  any  volatile  compounds  and  CO2  which  were  then  analyzed 
by  scintillation  oountlng  techniques  for  C-14  activity. 
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Very  little  C-l4  CO2  or  other  volatile  species  were  produced 
(<  0.5#)  in  the  biological  reaction  after  a 72  hr.  incubation 
period.  The  benzene  extract  of  the  supernatant  yielded  the  2- and  4 - 
amlnodlnitrotoluenes.  These  isomers  accounted  for  the  total  activity 
found  in  the  benzene  extract.  Approximately  4o#  of  the  activity 
remained  in  the  aqueous  phase  after  benzene  extraction.  This  phase 
contained  small  quantities  of  extremely  polar  and  /or  high 
molecular  weight  material  which  has  not  yet  been  identified.  No 
evidence  was  found  in  any  of  the  C-14  experiments  which  indicated 
aromatic  ring  cleavage. 

The  batch,  continuous  culture,  and  C-14  experiments  were 
conducted  in  support  of  the  pilot  plant  facility  in  continuous 
operation  at  NSWC  since  November  of  1973.  This  facility  (Figure  2) 
has  a 3,000  gal.  capiclty  and  was  designed  to  biodegrade  0.5  lbs.  of 
aqueous  TNT  per  day.  Dissolved  TNT  and  nutrient  are  fed  into  the 
dltoh  at  a rate  of  2 gal. /min.  The  cage  rotor  provides  a dissolved 
oxygen  content  of  3-^  ppm,  and  moves  the  liquid  and  floe  in  the 
ditch  at  a rate  of  1-foot  per  second.  A 350  gal.  settling  tank  is 
used  to  return  the  bacterial  floe  to  the  ditch.  Data  from  a typioal 
run  are  summarized  in  Figure  3. 
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1.  4-AMINO-?,  6-DINITROTOLUENE. 

2.  2-AMINO-4.  6-DINITROTOLUENE. 

3.  2, 4-01  AMI  NO- 6-DINITROTOLUENE. 

4/  7. 6-DIAMIN0-4-NITR0T0LUENE. 

6.  NITRITE  ION. 
fc  NITRATE  ION. 

7.  3,  V,  6,  B'-TETRANITR0-4. 4'  QIMETHYLAZOXYBENZENE. 

8.  3, 3, 8, 5'-TETRANITRO-2, 2’-DIMETHYLAZ0XYBENZENR. 

8.  3, 3*,  8,  B’-TETRANITRG-2, 4'-  NNO-OIMETHYLAZOXYBENZENE. 

10.  3,  V,  8.  B,-TITRANITRO-2',4-NNO-OIMETHYLAZOXYBENZENB. 

11.  4,  fr-DINlTRO-2-HYOROXYLARHNOTOLUCNE. 

12.  2,  B-DINITRO-4-HYOROXYLANHNOTOLUENE. 
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TOTAL  TIME  OP  HUN  00  DAYS 


PROCESS  PARAMETERS 

TNT  PEED  173  gnu  / 24  hrt  10  ppm 

RATIO  OP  NUTRIENT  PEED  TO  TNT  FEED  ~ 100/1 

PLOC  CONCENTRATION  0-Ogmi/lltar 

DITCH  VOLUME  3000«al 

FEEDRATE  2 pl/mln 

pH  7-0 

OISOOLVEO  OXYGEN  7-0  ppm 


PROCESS  EFFLUENT 

TNT  NOT  BIOOEQRADED  0.00  gmt/Mhri  0.000  ppm 
AMINOOINITROTOLUENES  10.3|im/M  hr*  1.30  ppm 
SUOPENOED  SOLIDS  070  gmn/24  hr*  ~ 00  ppm 
EFFLUENT  RATE  2g*l/mln 
% TNT  OIODEQRADED  00.9% 

% AMINE  PRODUCTS  FORMED  S.7% 


PIQ.  3 TNT  BIODEQRADATION  DITCH  FACILTY 
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FHOTOLYTIC  DLCOMPOSITION  Of  HDX  IN  AQUIOUS  30LUTI0N 
Donald  A.  Kubose 

Naval  Surface  Weapon  Center  White  Oak  Laboratory 
Silver  Spring i Maryland  20910 

INTRODUCTION 

Hie  problems  of  decontaminating  wasta  water  containing  dissolved 
RDX  are  different  than  those  concerned  with  water  contamir«at<*d  with 
TNT.  For  example,  RDX  is  not  biodegradable  as  is  TNT  and  HDX  is  not 
adsorbed  as  readily  as  TNT  on  charcoal  or  polymeric  resins.  This 
paper  presents  the  results  to  date  of  on-going  studies  to  show  that 
photolysis  is  an  attractive  approach  to  treatment  of  RDX  waste  water. 

FLOW  PHOTOLYSIS  SYSTEM 

Cursory  experiments  indicated  that  RDX  in  aqueous  solution  was 
rapidly  destroyed  by  photolytic  action  when  exposed  to  the  full 
speottal  output  from  e medium  preaiure  mercury  lamp  ( 220  nm  - 1367  nm). 
It  waa  alao  found  that  if  the  spectral  input  to  the  RDX  solution  wee 
limited  to  wavelengths  greeter  than  280  nm  by  a pyrex  filter  the  rate 
of  RDX  disappearance  was  greatly  reduosd. 

To  taka  advantage  of  this  rapid  destruction  of  RDX  a laminar  flow 
tray  apparatus  was  designed  end  fabricated.  Figure  1 shows  a aohsmatio 
diagram  of  the  apparatus.  A reverse  water  fell  concept  was  used  to 
sohisve  laminar  flow  characteristics.  The  solution  entered  at  the 
bottom  of  the  vertical  section,  flowed  up  into  the  flat  txmy  section, 
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across  the  tray  and  exited  through  the  three  variable  height  drain  tubes. 
The  nominal  dimensione  of  the  tray  section  are  30  cm  long*  lit  cm  wide  and 
h cm  deep,  i 1200  watt  medium  pressure  mercury  lamp  with  an  active  length 
of  30  cm  was  centrally  located  immediately  above  the  tmy  along  its  long 
dimension.  A reflector  cover  the  entire  tray  to  maximise  the  light 
impinging  on  the  RDX  solution.  Table  1 presents  the  results  of  runs 
mads  at  sevsral  flow  ratsa  and  solution  dsptha  of  0.£  cm  and  1.0  om. 

TABLE  1 

RDX  Removal  by  Photolysis  in  the  Laminar  Flow  Tray 

! 

% KDX  removed  at  various  flow  rates 


solution 

flow  rate. 

ml/min 

initial  RDX 

depth*  cm 

TSoo 

1555 

"2500“ 

"2556 

oonc.*  ppm 

0.5 

99,') 

99. 6 

9B.7 

96.9 

22 

1.0 

99.9 

99.9 

$>a.6 

96.9 

39 

The  results  in  Table  1 show  that  FDX  is  rapidly  dsBtroyed  by  photolysis 
in  a flow  nyatem.  Efforts  ars  underway  to  optimise  the  photolysis  geometry 
to  inoress#  the  sfficiancy  of  RDX  removal. 

PRODUCT  ANALYSIS 

Work  on  the  flow  photolysis  system  has  been  complemented  by  efforts  to 
determine  the  photodeooapoeitlon  products  of  RDX  in  aqueous  solution  and  by 
attempt!  to  understand  the  primary  photochamical  steps  involved.  These 
studies  have  been  conduoted  using  a static  photolysis  geometry. 

Gas  chromatographic  analysis  of  a bensene  extract  of  a photolysed 
solution  show  other  peaks  in  addition  to  that  due  to  residual  RDX.  The 
number  and  relative  intensities  of  these  peaks  depend  upon  the  extent  of 
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photolysis,  quality  of  light  (i.a, , with  and  without  a pyrex  filtar)  and 
tha  pH  of  tha  aolution  during  photolysis*  Tha  compounds  rasponaibla  for 
thasa  pa aka  ara  all  photo-unstabla  since  they  become  undetectable  when  tha 
RDJC  becomes  undetectable* 

Exposure  of  tha  RDX  aolution  to  the  full  spectral  output  of  the  lamp 
produces  the  largest  number  of  the  additional  peaks.  As  many  seven 
peaks  with  retention  times  (H^)  ranging  from  0*2  min  to  2.5  min  (Rfc  ■ 3.5«in 
for  RDX)  are  observed.  The  presence  of  these  peaks  are  independent  of  pH. 

In  contrast,  the  peak  at  - 2.5  min  is  the  only  predominate  one  when  the 
spectral  input  is  limited  to  wavelengths  greater  than  260  nm  and  is  present 
only  when  the  pH  of  the  solution  is  acidic. 

The  pH  of  RDX  solutions  made  up  in  distilled  water  falls  to  values  of 
3.5  - l.C  during  photolysis  with  either  unfiltered  or  pyrex  filtered  light. 
Khan  the  solutions  are  made  up  in  tap  water  the  pH  remains  near  neutral. 

This  buffering  aotion  is  presumably  dus  to  tha  ions  in  tap  watsr. 

The  compound  giving  the  peak  at  Rfc  « 2.5  min  haa  been  identified  via 
gas  ehnssatograph/mase  spectre  metric  techniques  as  l-nitroso-3»5-dinitro- 
l»3»S-triasaoyclohsxans  (mono-nitfoeo  analog  of  RDX).  Hass  spectra  of  the 
other  peak*  imply  similar  type  compounds  but  positive  identifications 
have  been  hampered  by  the  small  amounts  present  and  the  lack  of  model 
compounds. 

The  absolute  amounts  of  these  compounds  produced  in  the  flow  photolysis 
system  is  estimated  to  be  very  low.  For  example,  at  a flow  rate  of  2500 
ml/sdn  and  a depth  of  1.0  cm  the  amount  of  the  mono-nitrooo  co^>ou«d  (H 
gives  the  most  intense  peak  of  all  the  compounds)  is  estimated  to  be  lees 
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than  0,$  ppm.  This  ia  lasa  than  1.3  % of  the  Initial  RDX  concentration. 

Varying  amounts  of  N0j„  NOg  and  CHgO  have  been  found  ae  end  products. 
Table  2 presents  values  of  the  mole  ratios  of  these  products  to  the  moles 
of  RDX  photodecomposed  by  unfiltered  light  ( X > 220  nm)  and  pyrsx  filtered 
light  ( X > 2ti0  run)  at  pH  7 f 


TABLE  2 

Mole  Ratios  of  Produots  to  RDX  Photolyaed 


SV>Hctio 

no: 

TBx 

Nor 

~ror 

“TO?2- 

>220  m 

0.01 

2.U 

0.8 

>280  nm 

0.7 

2.0 

0.7 

Although  further  work  is  required  for  a more  complete  product  analysis 
the  data  acquired  to  date  permit  some  speculation  as  to  the  primary  photo- 
ohamieai  steps  taking  place. 

It  is  postulated  that  at  wavelengtho  greatar  than  280  nm  tha  primary 
photochemical  stap  ia  the  homolytio  oleavage  of  tha  nltmmine  bond  to  give 
the  asayl  radical  and  NO^.  The  interaction  of  N0Z  and  water  provides  a 
■ouroa  of  the  observed  nitrate  and  nitrite  ions.  Under  aoidio  conditions 
(photolysis  in  dletillad  watar  solutions  oausss  dsorsass  in  pH)  the  nitrita 
ion  products*  HO  which  can  add  to  tha  asayl  radical  to  give  tha  observed 
mono-nitroso  compound.  When  the  photolysis  is  carried  out  in  tap  watar 
whs re  tha  pH  remains  naar  neutral  the  mono-nitroso  compound  is  not  observed 
since  NO  cannot  be  formed. 

When  the  iaoident  wavelengths  extend  down  to  220  n*  it  is  postulated 
that  the  predominant  primary  photochemical  step  is  ths  cleavage  of  the 
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N-0  bond  of  the  nitro  group  to  give  the  mono-nitroso  compound  directly. 

Thus,  its  formation  would  be  independent  of  pH  and  this  is  what  is  observed. 
Additionally  the  mono-nitroso  compound  can  undergo  further  N-0  bond  cleavage 
to  give  the  di-nitroso  analog  of  RDX.  It  is  attractive  to  speculate  that 
the  additional  peaks  observed  in  the  beniene  extract  are  due  to  this  and 
other  sisiilar  type  compounds.  The  very  small  amounts  of  nitrate  ion  found 
compared  to  that  found  for  wavelengths  greater  than  280  run  lend  aupport  to 
the  above  hypothesis* 

the  presence  of  formaldehyde  as  a final  product  indicates  that  the 
ring  Is  broken.  The  paths  from  the  primary  photoohemical  steps  to  final 
produots  is  undoubtably  oomplsx  and  is  yet  to  be  resolved.  The  formation 
of  nitrite  ion  as  nitrous  acid  must  occur  at  some  point  since  tho  pH  of 
unbuffered  solutions  decrees*  asymtotioally  to  approximately  U. 

FUTURE  EFFORT 

In  summary,  the  use  of  photolysis  to  degrade  RDX  in  aqueous  solution 
appears  to  be  very  promising.  Additional  work,  both  in  terms  of  determining 
the  most  efficient  photolysis  geometry  and  completing  the  produot  analysis 
is  required,  laproveaent  on  the  present  knowledge  of  the  photochemistry 
is  also  desirable  in  order  to  be  able  to  predict  the  effeote  of  other 
solutes  (e.g,,  TNT,  added  HgOj,  0^)  on  the  photolyeis  rate  of  RDX, 

Work  is  in  progress  in  these  areas  and  results  will  ba  presented  in  future 
reports. 

i \ 
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FIG.  1 LAMWAR  FLOW  TRAY 


nswc/wol/tr  T7-  36  . 


ALKALINE  HYDROLYSIS  OF  RDX  ON  ION-EXCHANOE  RESINS,  LABORATORY  STUDY 
John  C.  Hoffaomaer,  Donald  A.  Kubose,  and  Donald  J.  Glover 

Although  the  basic  hydrolysis  of  RDX  in  water  produces  a number  of  products 

including  NO  ",  NH  , N O,  N , CH  0,  and  HOOO",  the  time  required  for  99 % oonver- 
2 3 2 2 2 

oion  is  too  slow  to  be  practioal  as  a decontamination  procedure  at  a reaonable 

1 -3-1  -1 

pH  . Since  -d(RBX)/dt  = ^(OlTXRDX)  where  = 3.9  X 10  1-mole  see  at 

23.0  C,  it  can  be  calculated  that  30£  NaOH  is  required  to  reduce  45  ppm  RDX  to 

0.45  ppm  in  20  minutes,  and  at  a pH  of  12  (approximate  pH  of  lime  water)  this 

same  conversion  requires  approximately  14  days, 

A relatively  simple  method  to  effectively  increase  the  0H“  concentration 

was  accomplished  by  passing  aqueous  RDX  solutions  through  strongly  baalo  ion- 

exchange  reain  columns.  The  baaic  resins  studied  ware  the  atyrena/dlvinylbensane 

2 

oopolymer  type  with  trimethylammonium  hydroxide  or  dimeth/lethanolammoaium  hydrant 
lde^  groups . The  maximum  number  of  molea  of  OH*  obtainable  on  the  resin  was  found 
to  ba  1,75  X 10“^  moles  OH/gram  (equivalent  to  1*22  mole  OH/llter)  by  passing 
2 resin  volumes  of  1 M NaOH  through  the  chloride  form  as  shown  soheuatloally, 

-OH 

+ 2 Ol” 

V 

-OH 
) 

(resin,  OH  form) 

1 J.  fl.  Hoffsomraer,  D,  A.  Kubose,  and  D.  J.  Glover,  J.  Phys.  Chern.,  in  press. 

2 Ami>arlite  400 (Rohm  * Haas  Oo,,  Philadelphia,  Pa,), 

3 Amberlita  410  (Rohm  A Haas  Co,,  Philadelphia,  Ba,), 

3fl 


(reain,  01  form) 
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Hydrolysis  of  the  RDX  on  the  basic  resin  may  be  shown  similarly, 


•OH 


(a>  SWt  + 


■OH 


(RDX) 


NO. 


00=0 
H 


+ KH3,  N20,  »2,  CHgO 


(resin,  OH  form)  (spent  resin) 


Since  three  moles  of  OH  are  consumed  for  each  mole  of  RDX  hydrolysed,  the  follow- 
ing expression  may  be  written  for  the  maximum  number  of  resin  volumes,  RV^^, 
that  may  be  theoretioa  ly  treated, 

(3)  R»[t[_.Li  a RX-oh/(3)(M)  , where  RL^  ie  resin 

hydroxide  loading  factor  expressed  in  moles  OH/liter  of  resin,  and  M 1b  the  molar 
ooncentration  of  the  RDX  aolution.  At  the  maximum  RI^  for  the  resin,  1 .22  moles 

mL 

OH/liter,  used  to  treat  a 2.0  X 10  M (45  ppta)  RDX  aqueous  solution,  RV^^  is 

3 

Calculated  to  be  2.0  X 10  resin  volumes.  From  (3)  the  actual  volume  of  water 

treated,  V.  , becomes  VD  X RV  , where  V„  is  the  actual  resin  volume. 

■nnax  * R max’  R 

Figure  1 shows  the  RDX  resin  break-through  curve  for  the  hydrolysis  of  RDX 

-3* 

ou  5 .1'» ..jraras  of  400  Ambarlite  resin  containing  2.04  X 10  moles  of  OH  (RI^H  - 
0,278)  with  an  RDX  feed  concentration  of  1.98  X 10  M (44  PP«).  At  56%  RV,^ 

(1.7  liters)  the  effluent  RDX  concentration  was  =f  0.5  ppm  ( *=  2 X 10“^M),  In 
another  experiment  where  RL^  = 1.22,  the  effluent  RDX  = 0.5  ppm  at  54%  RVmpv. 
(15*8  liters)  and  verifies  (3).  In  other  words,  at  a point  where  55  a 2%  of  the 
available  OH  groups  have  been  reacted  or  displaced,  we  may  expect  an  RDX  effluent 
bleed  of  approximately  0,5  ppm, 

Sinoe  tap  water  contains  varying  amounts  of  anions  (notably  HCD^II  3°*  t 
and  Cl  ) reaction  and  displacement  of  OH*  ion  from  the  basic  resin  is  sxpeoted. 
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Tabla  1 altowa  the  RDX  resin  break-through  effluent  bleeds  for  9 cycles  for 
the  hydrolysis  of  HDX  in  tap  water  on  Amberlite  410  resin.  Figure  2 ahowa  the 
extent  of  OH"  displacement  from  the  basic  410  resin  by  area  tap  water.  After 
approximately  50)6  of  the  total  available  OH*  has  been  displaoed,  the  OH*  replace- 
ment markedly  deoreases.  An  additional  25%  of  the  total  0H“  was  determined  by 
HaCl  displacement  to  remain  on  the  resin.  The  other  256  of  the  total  OH*  la  pre- 
sumed to  be  inainly  aonaumed  in  the  neutralisation  reaction  with  bicarbonate  iont 
OH*  4 HCO^”  = HgO  4 CO”  . Sinoe  the  molar  concentration  of  HCOj"  waa  determin- 
ed to  be  1.1.1  X 1 0“^  M (or  69  ppm)  by  aoid  titration  with  methyl  orange  indicator  , 

a 

1.80  X 10  ’ mules  of  OH*  (22.56  of  total)  would  be  expected  to  be  consumed  by 
this  neutralisation  reaction. 

Regeneration  of  the  spent  renin  was  accomplished  by  the  paseage  of  2 rosin 
volvsnes  of  1 M HC1  through  the  reain,  followed  by  water  rinsing,  then  2 resin 
volumes  of  1 M MaOH.  The  HG1  treatment  was  necessary  to  dissolve  insoluble  hydrox- 
ides and  carbonates  whioh  accumulated  over  several  cycles  and  wore  found  to  olog 
the  reoln.  For  large  eoale  hydrolyses  it  waa  nee senary  to  include  urea  in  the  HC1 
to  prevent  the  formation  of  nitrous  acid*  The  regeneration  atep  is  shown  sohematlo- 
ally, 


U> 


2 Cl 


4 4 HC00 


IfiOxl  x 19*  M (EFFLUENT) 
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TABLE  1 HYDROLYSIS  OF  RDX  ON  410  RESIN  IN  TAP  WATER. 


CYCLE 

RECIN  VCLS 

EFFLUENT 

ppm  RDX 

% THEORETICAL 
RESIN  YOL8(1> 

1 

200*a) 

< 0.3 

8.7 

2 

400 

< 0.1 

17.8 

3 

342 

< 0.8 

14.9 

4 

3*2 

< 04 

17.1 

G 

321 

< 0.8 

14.0 

« 

338 

< 04 

14.9 

7 

292 

< 0.8 

12.7 

• 

388 

< 0.2 

194 

342 

< 0.8 

14.9 

<t>*'^3HlWX>  * VR  " ASS!  <18,806  OALLONS/CUBIC  FT.I 

(2)  - 1,400  QALLON8/CUBIC  FT,  OF  RUIN 


TOTAL  OH  ON  RESMI 


Of  OH  ION  FROM  BASIC  410  RESIN  BY  TAP  MATER. 
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REMOVAL  AND  DISPOSAL  OF  RDX  FROM  WATER!  LARGE-SCALE  BASIC  RESIN  SYSTEM 

Donald  A.  Kuboae,  John  C,  Hoffsowaer  and  Harman  I.  Cordova 

Naval  Surfaoa  Weapon  Cantor  Whlta  Oak  Laboratory 
Silver  Spring,  Maryland  20910 

A companion  papar  haa  daacrlbad  laboratory  aeala  atudlaa  of  tha  uaa 
of  a strongly  basic  ion  exchange  roe in  for  tha  adsorption  and  destruction 
of  RDX  dissolvad  in  water.  Tha  parameters  of  flow  rata,  resin  regeneration, 
resin  loading,  etc.,  ware  examined  on  small  amounts  of  resin,  usually  less 
than  10  grams.  The  work  imported  hare  describes  a seals  up  of  tha  laboratory 
studies  to  approximately  3200  grams  (1.6  cu.  ft.)  of  tha  resin. 

RDX  Column 

A major  concern  in  tha  seals  up  was  tha  generation  of  thouaanda  of 
gallons  of  RDX  contaminated  watar.  Tha  conoapt  used  was  to  pans  watar 
through  a column  of  RDX.  This  idea  waa  used  in  tha  laboratory  atudias  and 
with  relatively  slow  flow  rates  (1-2  ml/min)  produced  water  containing  LG  - 
50  ppm  RDX,  Tha  RDX  oolumn  used  in  tha  ecale  up  work  consisted  of  RDX  held 
in  a pyrex  pipe  nominally  7*5  on  ID  and  13  cm  long  fitted  with  polyvinyl 
olhorlde  (PVC)  and  pieces*  Thsst  and  pieces  had  concentric  and  radial 

i 

grooves,  the  latter  leading  to  a central  take-off  hole,  to  Drovlde  laminar 
flow  through  tha  RDX.  A 10  micron  stainless  steal  acrean  on  tha  bottom  and 
piece  prevented  particulate  RDX  from  leaving  the  column.  The  pyrex-PVC 
assembly  wee  sandwiched  between  two  steel  plates  and  secured  by  bolts. 

RDX  concent rations  of  25-30  ppm  were  obtained  at  flow  rates  of  6 l/min  end 
increased  to  L0-50  ppm  at  flow  rates  of  3 l/min.  "Channelling**  of  the  RDX 
In  the  column  was  corrected  by  shaking  the  columns  to  rslavel  the  RDX. 
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Resin  Column 

The  design  of  the  column  ueed  to  contain  the  Amberlite  UlO  basic  anion 
exchange  resin  (Rohm  and  Haas  Co.*  Philadelphia)  Pa.)  is  similar  to  that  used 
for  the  FDX  column.  The  resin  column  was  made  of  PVC  pipe  26  cm  10  and  120 
cm  long.  The  PVC  end  pieces  had  the  same  system  of  concentric  and  radial 
grooves  to  provide  laminar  flow,  k 10  micron  stainless  steel  screen  prevented 
loss  of  rosin. 

Plumbing 

k schematic  of  the  overall  plumbing  aystem  is  shown  in  Figure  1.  The 
incoming  tap  water,  filtered  through  a course  (100  micron)  and  fine  (10 
micron)  set  of  filters,  can  be  directed  through  the  ICX  columns  or,  if 
deairod*  directly  to  the  resin  oolumn  for  flushing  purposes  aftsr  passing 
through  the  flow  meter  and  total  volume  meter,  k sampling  outlet  located 
between  the  two  meters  allows  staples  of  ths  RDX  contaminated  water  to  be 
taken  for  assay.  The  two  three-way  valves  on  the  resin  column  are  plumbed 
such  that,  the  incoming  water  can  be  directed  downflow  or  upf low  through  the 
resin.  The  flow  when  KDX  lo  being  degraded  Is  downflow.  The  incoming  water, 
after  being  filtered*  oan  also  be  directed  to  the  regeneration  tanka.  The 
regeneration  solutions  are  pusped  from  the  tanks  and  pasted  upf low  through 
the  resin  column  via  the  three-way  valves. 

System  Operation 

The  HEX  le  handled  at  all  times  in  a water  slurry.  The  RDX  columns 
are  loaded  by  disconnecting  the  water  lines  to  the  columnn  and  removing  the 
top  steel  plats  and  end  piece.  The  amount  of  KDX  put  in  each  column  is 
approximately  l ib.  Trie  PVC  end  piece  and  steel  plate  are  put  back  on 
after  cleaning  up  any  spilled  RDX  and  the  water  lines  are  reconnected. 
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The  resin  coluatn  is  loaded  in  much  the  sane  manner. 

To  begin  a run  the  water  is  turned  on  and  the  appropriate  valves  opened 
or  closed  to  allow  the  water  to  pass  through  the  RDi  columns,  paaa  downflow 
through  the  resin  column  and  exit  out  the  effluent  pipe.  The  flow  rate  ia 
monitored  and  the  RDX  columns  relsveled  when  the  channelling  becomes  too 
great.  Samples  of  the  input  RDX  feed  and  rosin  column  effluent  are  taken 
at  various  time  intervals  and  assayed  for  RDX  content.  The  length  of  a 
cycle,  i.e.|  the  number  of  resin  volumes  input  before  the  RDX  concentration 
in  the  effluent  reaches  0.5  ppm,  was  examined  as  a function  of  flow  rata  and 
regeneration  parameters.  Regeneration  of  the  spent  resin  to  the  hydroxide 
font  was  aooosplishsd  by  use  of  HOI,  MaCl  and  KatiH,  in  that  ordar.  In  soma 
instances  the  RaOl  was  aaitted.  Urea  (dissolved  in  the  HC1)  was  used  to 
oonvert  the  nitrous  acid  which  ia  formed  from  acidifation  of  NO*,  a product 
adsorbed  on  the  resin,  to  AQd  In  on*  cycle  NaCl  was  used  first  to 

diaplaoe  the  NOj  prior  to  addition  of  HC1  and  the  urea  was  not  used. 

Results 

Figure  2 presents  the  data  obtained  for  eight  cycles.  The  number  of 
resin  volumes  of  RDX  oontamineted  water  passed  until  the  effluent  reaohed 
a RDX  concentration  of  0.5  ppm  la  listed  in  the  seoond  oolusui.  As  can  bs 
eeen  the  parameter  which  moat  affects  the  performance  of  the  resin  is  the 
amount  of  hydroxide  ion  used  in  the  rs gins  ration  of  the  rssin.  These 
results  are  in  agreement  with  those  obtained  on  a laboratory  acalt  and 
demonstrate  that  the  resin  process  can  be  scaled  up* 
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CARBON  REGENERATION 


Thomas  C,  Castorina,  Jerome  Haberrcan  and  Jagadiah  Sharma 
Feltman  Research  Laboratories , Picatinny  Arsenal 


Introduction 

Carbon  adsorption  treatment  of  pink  wastewater  (TNT/RDX)  la  being  used  at 
the  Loed-Assombly-Packaging  Divisions  of  Joliet,  Iowa,  Kansas  and  Tooele  Army 
Ammunition  Plants.  The  practice,  to  data,  of  disposing  of  the  TNT/RDX-auturated 
carbon  is  by  Incineration  which  is  potentially  hazardous  and  costly.  Alternative 
methods  of  handling  the  pink  wastewater  problem  are  under  current  investigation. 
IAAP  is  studying  thermal  regftnarjt'ion  of  carbon  and  Natick  Laborstorlea,  polymer 
resin  adsorption.  The  economics  of  both  methods  are  being  evaluated  for  a deci- 
sion on  adoption.  A tnathod  having  the  adsorptive  capacity  of  carbon  which  can  be 
regenerated  on  column  without  disassembly  by  elution  techniques  would  be  con*' 
a Ida rad  the  ideal  solution  to  the  problem.  This  latter  approach  ia  the  basis  of 
the  study  being  conducted  at  Picatinny  Arsenal.  The  first  phase  of  this  study 
which  deals  with  the  determination  of  the  mechanism  by  which  TNT  ia  adeorhsd  on 
carbon  ia  the  subject  of  thin  presentation. 

TNT  Adsorption 

Since  TNT  replaces  RDX  from  the  adsorbed  stats  and  TNT  ramalna  strongly 
bound  to  tha  carbon  surface,  the  study  of  the  process  of  carbon  degeneration  was 
initially  confined  to  TNT.  Por  this,  adsorption  isotherms  of  aqueous  solutions 
of  TNT  (130  ppm)  on  FS300  ware  determined  concurrently  with  eurfece  area  deter- 
minations using  argon  adsorption  at  -196°0. 

The  adsorption  of  TNT  on  carbon  waa  studied  as  a function  of  pH,  temperature 
end  particle  size.  Adsorption  was  found  to  be  significantly  dependant  upon  par- 
ticle size  and  hence  diffusion,  but  independent  of  pH  and  tampuraturs.  Tha  in- 
dependence of  pH  la  indicative  of  a non  ionic  process  of.  adsorption.  Because  thr 
thermodynamics  of  adsorption  and  diffusion  are  diametrically  opposing  in  that 
adsorption  decreases  and  diffusion  rates  Increase  with  increaaing  temperature, 
tha  observed  independence  of  TNT  adsorption  as  a function  of  tamparature  la  ex- 
plained. 

The  strong  dependence  of  TNT  adsorption  on  diffusion  ia  .illustrated  in  Figure 
1.  At  approximately  two  hours,  tha  fine  carbon  adsorbs  TNT  to  its  saturation 
level,  the  medium  to  60%  capacity  and  coarse  (as  received)  to  15%  capacity.  This 
demonstrates  tha  Importance  of  minimizing  the  path  the  TNT  must  traverse  to  in- 
teract with  the  available  internal  aurfece.  It  should  be  noted  that  the  observed 
capacities  era  independent  of  the  different  geometric  surface  areas  of  tha  respec- 
tive particle  sizes.  Although  the  geometric  surface  areas  (calculated),  v003, 
.008,  end  .06  enr/g  of  the  coarse,  medium  and  fine  particles  differ  by  orders  of 
magnitude,  the  corresponding  percent  differences  with  respect  to  the  total  sur- 
face area  of  1000  M*/g  la  infinitesimal,  viz,,  8 x 10”",  8 x 10"®  and  3 x 10"® 
percentages. 

The  progress lvqde activation  pf  FS300  was  determined  ss  a function  of  ad- 
enrption/deicrrpt lort  cycles  (Figure  2);  Adsorption  was  parformsd  in  ths  usual 
mannsr  from  aqueous  solution  and  desorption  with  acetone.  The  specific  adsorp- 
tion of  the  three  carbons  dacreaaau  (deactivation)  with  similar  proportionality 
con^tanta.  However,  the  deactivation  of  the  raediiim  and  fine  carbons  relative  to 
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the  coarse  (0.3s  TNT/g  Carbon)  requires  three  cycles  for  the  medium  with  a total 
capacity  of  l.lg  TNT,  and  four  cycles  for  the  fine  with  a total  capacity  of 
2.0g  TNT/g  Carbon. 

The  material  balance  of  eluted  TNT  and  retained  TNT  by  the  carbon,  together 
with  the  associated  attrition  of  surface  area  is  presented  in  Table  I.  As  the 
retained  TNT  accumulates,  the  surface  area  deteraorates  and  correspondingly  less 
TNT  adsorbs  with  each  successive  cycle.  The  total  of  TNT  retained  and  removed 
with  each  cycle  remains  fairly  constant.  It  can  be  inferred  from  the  data  that 
in  the  process  of  the  TNT  being  strongly  bound  to  the  surfaca,  pores  are  succes- 
sively blocked  precluding  the  elution  of  otherwise  reversibly  bound  TNT,  The 
question  of  how  the  TNT  is  strongly  bound  to  the  carbon  surface  was  addressed  by 
the  application  of  the  ESCA  (Electron  Spectroscopy  Chamical  Analysis)  technique 
which  is  uniquely  suited  for  auirface-aduct  enalysis, 

TABLE  1 

DEACTIVATION  OF  COARSE  FS3004  BY  TNT  ADSORPTION 


NO.  SP.ADN.  SP.DES.1  CUMMULATIVE3  TOTAL  SP.ADN. 

CYCLE  (aTNT/aC)  (sTNT/sC)  (M27k)  RETAINED  3P.ADN.  (3P.ADN.  + CUM. RET. SP.ADN.) 


1 

.36 

.24 

890 

.12 

2 

.29 

.27 

818 

.14 

.41 

3 

.23 

.21 

701 

.18 

.39 

4 

.15 

.14 

570 

.19 

.33 

3 

.14 

.08 

341 

*25 

.33 

j-By  Acetone  Elution:  ^Surface  Area  After  Desorption:  3Aftsr  Acetone  Elution: 

4r  - 10*bM2/» 

VC 

Mochenism  of  TNT  Adsorption 

Since  explosives  contain  nitrogen  In  distinct  oxidation  states  which,  when 
suojected  to  chemical  interaction  undergo  changes  in  their  oxidation  states,  the 
electron,  spectre  genereted  by  ESCA  reflect  the  verlous  changes  induced.  TNT  con- 
tains nitrogens  In  one  oxidation  state,  N+3  of  the  nitrogen  dioxide  functional 
group.  The  electron  spectrum  should  therefore  contain  only  one  peek  at  403.6  ev. 
Instead,  the  electron  spectrum  shown  in  Figure  3 depicts  two  additional  peeks  of 
nitrogen  la  lower  c'ldetlon  states  et  401  end  400  ev.  The  assignments  of  N+^ 
and  DTl  could  be  Indicative  of  e nltroso  and  secondary  amina  nltrogana,  raepac- 
tively.  The  significance  of  this  spectrum  la  the  unequivocal  avldanca  of  TNT 
having  undavgone  chamical  reactivity  with  the  carbon  surface.  This  TNT-carbon 
surface  reaction  complex  woe  further  substantiated  by  infrared  and  femes  epoctro- 
matrlc  analyses.  ' 

* 

Conclusions 

The  process  of  deactivetlou  of  carbon  by  TNT  involves  both  physically  and 
chaotically  adsorbed  TNT  lh  the  micro  and  meso  porous  internal  surface  area  struc- 
ture. The  chemisorbed  TNT  plug*. up  the  pore  openings  thereby  precluding  the  elu- 
tion of  reversibly  phyClsorbed  TNT.  Diffusion,  plays  an  important  vole  in  the 
irreversible adsorption  of  TNT.  The  flower  the  diffusion  rate,  the  grsatsr  the 
rssldaacs  tima  and  the  graatar  the  degree  of  chefeicpl  ragotlvity  of  TNT  with  the 
carbon  surface. 


iPTKX  HATE  OF  TNT  BY  PARTICLE  SIZE  OF  FS300 


FIG.3  STRONGLY  ADSORBED  TNT  ON  CHARCOAL,  FS300 
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IMPROVED  PROCEDURES  FOR  PURIFYING  TNT 
Everett  E.  Gilbert 


Explosives)  Division,  Feltman  Research  Laboratories 
Picatinny  Arsenal,  Dover,  New  Jersey  07801 


Crude  TNT  must  be  purified  for  military  use.  Since  World  War  I,  the  almost 
universal  practice  has  involved  purification  by  treatment  with  aqueous  sodium 
sulfite  ("sellite").  The  resulting  waste  liquor  ("red  water")  has  entailed  A 
serious  disposal  problem.  A portion  of  it  has  In  the  past  been  sold  to  paper 
companies,  but  this  is  no  longer  possible.  It  is  now  concentrated  and  then  in- 
cinerated to  crude  sodium  sulfate.  Unfortunately  there  has  been  no  use  for  it, 
and  it  has  accumulated  steadily  at  the  TNT  plants. 

A recent  approach  to  recovery  of  this  sodium  aulfate  for  reuse  as  sodium 
sulfite  has  Involved  the  following  reactions)  , 


(1)  Na2SO-  +2C+  Na,S  + 2 C02 

(2)  Na2S  + H20  + C02  Na2C03  + H2S 

(3)  tUS  + 3 0 S02  + H20 

(4)  Ni2  C03  + S02  -*■  Na2S03  * C02 


Adding  the  above  equations,  we  have; 

(5)  Na2S04  + 2C  + 30*  Na2S03  + 2 C02 


All  of  the  above  reections  have  been  used  commercially  In  the  past:  the  moat  re- 
cent application  has  been  the  Tampella  Process  used  in  the  Finnish  paper  indus- 
try. This  procedure,  is  complicated  and  quite  energy  intensive. 

It  occurred  to  us  that  waste  watur  recovery  might  be  simpler  if  other  sul- 
fites were  used.  Since  no  literature  was  found  on  the  purification  of  TNT  with 
sulfites  other  than  aodlum,  we  screened  five  of  them  (ammonium,  magnesium, 
calcium,  line  add  cadmium).  Only  tha  first  two  appaared  interesting;  thay  will 
be  discussed  in  turn.  Initial  work  was  done  by  the  writer  and  V.I.  Siele  at 
Picatinny.  Followup  atudlaa  aimed  toward  plant  operation,  being  made  at  Radfo'd 
Army  Ammunition  Plant  by  C.D.  Chandler,  Jr.,  G.R.  Gibson,  and  R.  Mundy,  are 
still  In  progress. 

Use  of  Ammonium  Sulfite 

It  was  found  that  vigorous  agitation  of  mol tan  crude  TNT  with  aqueous 
ammonium  sulfite  (0.1  lb,,  anhydrous  basis,  per  1.0  lb,  crude  TNT)  at  85-90°C 
removed  the  impurities  and  gave  a purified  TNT  of  satisfactory  sat  point.  When 
using  sodium  sulfits,  this  rsaction  can  b«i  tun  in  ah  open  baakar.  Use  of  this 
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procedure  with  ammonium  sulfite  was  unsatisfactory,  since  ammonia  was  lost,  the 
pH  dropped,  and  an  unsatisfactory  product  resulted.  This  problem  was  overcome 
by  operating  with  a flask  and  reflux  condenser.  It  was  also  noted  that  the  mode 
of  mixing  was  important.  Satisfactory  results  were  obtained  by  mixing  the  rea- 
gents at  room  temperature,  followed  by  heating  to  85°C,  or  by  dropwlse  addition 
of  the  sulfite  to  an  agitated  mixture  of  molten  TNT  and  water  preheated  to  B5°. 
Pouring  the  sulfite  solution  into  the  preheated  TNT  - water  mixture  at  85°  lud 
to  a mild  exothermic  reaction  with  a temperature  rise  to  90-95°,  and  an  unaccept- 
able product.  All  samples  of  TNT  purified  by  this  procedure  were  colored  yellow, 
resulting  from  the  formation  of  small  amounts  of  3-  and  5- amino -2,4-dinitrotolu~ 
enes  by  aide  reactions.  It  was  noted  that  these  compounds  were  not  found  when 
solid  TNT  was  ground  in  a ball  mill  with  aqueous  ammonium  sulfite, 

Followup  studies  at  Radford  led  to  the  conclusion  that  the  process  appeared 
suitable  for  large-scale  use  on  a batch  basis  (simulating  incremental  addition 
of  sulfite),  but  not  on  a continuous  basis  (Involving  rapid  mixing).  As  noced 
above,  rapid  mixing  greatly  favors  the  formation  of  amlnodinitro toluenes,  there- 
by lowering  the  set  point.  It  was  found  that  the  amino  compounds  could  be  re- 
moved by  melt-washing  with  70%  sulfuric  acid,  but  incorporation  of  this  extra 
step  was  concluded  to  be  impractical  In  plant  operation.  Since  all  future 
American  TNT  production  and  purification  will  Involve  continuous  operation,  the 
ammonium  sulfite  process  in  therefore  not  of  interest  until  better  control  of  the 
side  reactions  is  achieved. 

The  ammonium  sulfite  process  has  advantages  which  suggest  that  further  atudy 
is  warranted.  A better  yield  of  purified  TNT  is  obtained  than  with  aellite,  and 
it  is  a cheaper  process  to  operate,  The  raw  materials  (ammonia  and  sulfur  di- 
oxide) are  already  available  at  the  TNT  plants.  Host  important,  the  red  water 
contains  no  metal  ions,  and  the  Radford  engineers  believe  that  it  can  probably 
be  disposed  of  by  simply  mixing  it  with  the  epent  sulfuric  acid  from  the  nitra- 
tion. A separate  recovery  step  is  thus  completely  eliminated.  In  the  acid 
recovery  plant,  all  of  the  sulfur  values  of  the  ammonium  sulfite  would  be  re- 
covered, and  the  ammonia  values  would  be  converted  to  nitrogen. 

Use  of  Magnesium  Sulfite 

Purification  with  magnesium  sulfite  was  effected  in  a similar  manner,  except 
that  a more  dilute  solution  was  used  because  of  its  low  water  solubility.  Four 
pounds  of  sulfite  (anhydrous)  are  required  per  100  lbs.  crude  TNT.  Yields  from 
magnesium  sulfite  purification  are  higher  than  those  obtained  with  sellita. 

Current  sellitlng  practice  involves  overtreatment,  with  an  estimated  loss  of  about 
8%  of  2,4,6-TNT;  this  loss  would  not  be  incurred  with  magnesium  sulfite.  Even  with 
optimum  use  of  aellite,  au  proposed  by  Radford,  the  magnesium  process  would  show 
a yield  advantage  of  1 l/2k,  A yield  Increase  is  of  considerable  economic  im- 
portance, since  it  is  estimated  that  at  full  mobilization  production,  an  increase 
of  1%  results  in  a saving  of  $1,000,000  per  year. 

Unlike  the  ammonium  sulfite  process,  the  magnesium  process  is  not  complicated 
by  side  reactions,  and  yields  a product  of  high  purity.  Continuous  salliting 
induces  the  formation  of  snail  amounts  of  hexanitrobibensyl  and  methyl  pentanltro- 
diphonylmetlune.  Work  at  Radford  has  shown  that,  these  materials  ate  detrimental 
to  random  crystallis  tion,  which  may  lead  to  undesirable  cracks  and  voids  in  the 
shell  fillings.  These  mat^rial^  are  not  formed  with  magnesium  sulfite. 


\ 
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Magnesium  process  red  water  would  be  calcined  back  to  magnesium  oxide  by  the 
following  relictions 5 


(6)  MgS04  + 1/2  C **>  MgO  + S02  + 1/2  C02 

It  will  be  noted  that  magnesium  Sulfate  behaves  entirely  differently  from  sodium 
sulfate  (Equation  (H)upon  heating  with  carbon,  since  the  former  is  converted 
to  the  oxide,  which  can  be  directly  reconverted  to  the  sulfite  for  reuse.  The 
carbon  already  present  in  the  waste  liquor  may  be  sufficient  without  supplement. 
In  any  case,  the  carbon  requirement  for  Reaction  (6),  is  only  1/4  that  of  Reac- 
tion (1) , Reaction  (6)  is  already  in  widespread  commercial  use  in  the  paper 
industry,  and  for  the  scrubbing  of  power  plant  flue  gee.  We  have  made  contacts 
in  both  areas;  thuse  are  expected  to  provide  data  end  assistance  in  Implementing 
scaleup  of  the  rad  water  recovery  step  of  the  magnesium  process. 

Thp  ammonium  sulfite  purification  process  is  disclosed  in  US  Patent 
3,956,409  (May  1976);  a patent  is  pending  on  the  magnesium  process. 

Conclusions 

Ammonium  and  magnesium  sulfites  ere  superior  to  sodium  sulfite  for  purifying 
TNT  with  respect  to  esse  of  red  water  disposal  and  yield  of  TNT.  The  ammonium 
process  requires  no  special  rad  water  disposal  step,  but  is  not  now  suitable  for 
continuous  operation.  The  aegnesium  process  yields  a purer  TNT  than  either  of 
the  other  two  processes,  and  la  currently  under  study  toward  possible  future 
plant-scale  use. 
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PHY3IC0-CHEMIC0  UNIT  PROCESSES  FOR  PURIFICATION 
OF  EXPLOSIVE  PLANT  EFFLUENTS 


LTC  ROBERT  CARNAHAN  and  DON  C.  LINDSTEN 
SANITARY  SCIENCES  DIVISION,  MERADCQM 
PORT  BELVOIR,  VIPQINIA  220fi0 


ABSTRACT 

The  U.S.  Army  owns  17  Amy  Ammunition  Plants  ( AAP)  engaged  In  the 
manufacture  or  loading  of  propellants  or  explosives,  Liquid  waste 
affluents  from  these  plants  must  be  purified  to  meet  new  and  stringent 
discharge  standards.  Various  physico-chemico  water  purification  unit 
processes  are  already  known  to  be  effective,  or  merit  investigation. 
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TIIE  RELATIONSHIP  BETWEEN  FISH  SIZE  AND 
THEIR  RESPONSE  TO  UNDERWATER  BLAST 

John  T.  Yelverton  and  Donald  R.  Richmond 
Lovelace  Biomedical  & Environmental 
Research  Institute,  Inc. 
Albuquerque,  New  Mexico  87115 


The  major  objectives  of  this  study  were  (1)  to  assess  the  toler- 
ance of  several  species  of  fish  to  various  levels  of  underwater  blast 
and  (2)  to  use  these  data  to  develop  a method  for  predicting  the  haz- 
ard to  fish  for  untested  underwater  blast  exposure  conditions.  Second- 
ary objectives  were  (1)  to  determine  if  there  was  any  difference  in 
blast  tolerance  between  fish  with  ducted  swimbladders  and  those  with 
nonducted  swimbladders,  and  (2)  to  confirm  the  assumption  that  over- 
pressure impulse  is  the  best  parameter  for  evaluating  the  response  of 
fish  to  underwater  blast. 

Previous  studies  have  demonstrated  that,  when  an  animal  is  ex- 
posed to  either  airblast  or  underwater  blast,  the  most  Berious  inju- 
ries occur  to  the  gas-containing  organs  and  their  surrounding  tissues, 
In  particular,  the  swimbladder  is  the  target  organ  in  fish,  except 
for  those  species  which  have  no  swimbladder  and  are  very  resistant 
to  underwater  shock.  The  airblast  studies  have  indicated  that,  for 
a short-duration  blast  wave,  the  level  of  injury  in  a given  animal 
is  primarily  a function  of  the  overpressure  Impulse,  and  that  the 
impulse  required  to  produce  a given  level  of  injury  divided  by  the 
cube  root  of  the  animal's  body  mass  tends  to  be  approximately  con- 
stant, at  least  for  similar  species  of  mammals, 

Of  the  eight  species  of  fish  tested  five  had  ducted  swimbladders 
(physostomes)  and  three  had  nonducted  swimbladders  (physocl ists ) . The 
ducted-bladder  species  were  top  minnows  (Gambusia  af finis) , goldfish 
(Carraslus  auratus) . carp  {Cyprinus  carpio) , rainbow  trout  (Salmo 
galrdneri^,  and  cKannel  catfish  (fctaJurug  punctatus) . The  nonducted- 
bl adder  species  were  guppies  ( Le bl ni'o s'  "ret i c u la  t u a ) , bluegills 
(Lopomis  macrochirus) , and  largtTmouth  bass  (Mlcropterus  salmo lies ) . 

The  major  difference  between  the  two  types  of' 'fish  was  the  presence 
of  a pneumatic  duct  connection  between  the  bladder  and  the  gut  in  the 
physostomes  and  the  lack  of  one  in  the  physoclists.  Because  small 
and  large  specimens  were  available  within  five  of  the  species,  a 
total  of  13  body  weight  groups  wajg  utilized.  The  average  body  weights 
ranged  from  0.02  to  744  g. 

all  tests  were  conducted  In  a freshwater  pond.  The  surface  di- 
mensions were  220  x 150  ft  with  a 30-ft-doep,  100-  x 30-ft  central 
portion.  The  t<?st  pond  was  described  in  Reference  1. 


1.  Veiverton,  J.  T.  , D.  R.  Rich^Rd,  W.  Hickr , K.  Saunders  and  E.  R. 
Fletcher,  "The  Relationship  Between  Fish  Size  and  Their  Response 
to  Underwater  pi a6t'\TQrio*l  Report,  DNA  3677T,  Defense  Nuclear 
Agtncy,  Washington,  D.  C. , June  18,  1975. 
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The  explosive  charges  used  throughout  this  study  were  bare,  1-lb 
spheres  of  pentolite  with  3/16-inch  detonator  wells.  DuPont  E-99 
electric  blasting  caps  were  used  to  initiate  the  charges. 

There  were  four  channels  of  pressure-time  instrumentation.  The 
methods  and  equipment  used  for  measuring  and  recording  the  blast  waves 
were  basically  the  same  as  those  described  in  References  2 and  3. 

Most  of  the  fish  were  tested  in  cages  which  consisted  of  cylin- 
drical wire  frames  covered  with  small  diameter  nylon  or  plastic  mesh. 

The  cages  were  constructed  to  fit  the  individual  species  so  that  they 
could  be  held  at  an  exact  depth.  The  mesh  covering  ranged  in  size 
from  1/4  to  7/8  inch.  The  largest  mesh  that  would  keep  the  fish  from 
escaping  was  used  in  order  to  minimize  the  amount  of  material  that 
could  possibly  shield  the  fish  from  the  underwater  shock.  A majority 
of  the  fish  were  tested  one  per  cage  and  oriented  side-on  to  the  charge. 
The  small  bluegills  and  the  small  goldfish  were  tested  5 or  10  per  cage. 
The  cages  were  suspended  from  the  center  of  the  rigging  that  spanned 
the  pond.  The  rigging  consisted  of  a grid  system  that  could  be  raised 
or  lowered  to  the  desired  depth  by  an  electrically  operated  winch  on 
the  bank.  Top  minnows  and  guppies  which  averaged  less  than  0.5  g in 
body  weight  were  not  confined  but  were  released  from  a dip  net  beneath 
the  water  surface  1 sec  before  detonation  and  retrieved  within  1 to  2 
sec  afterward  with  a dip  net. 

Most  of  the  tests  were  conducted  with  the  fish  at  l~ft  depths  and 
with  the  charges  detonated  at  10-ft  depths.  The  impulse  and  peak  pres- 
sure were  varied  by  changing  the  slant  range  between  the  fish  and  the 
charge.  Small  carp  were  also  tested  at  0.17-  and  10-ft  depths  with  the 
charges  at  10  ft  and  the  slant  range  varied.  The  top  minnows  and  gup- 
pies were  at  0.25-ft  depths.  One  series  of  tests  was  conducted  with 
small  bluegills  in  which  the  charge  and  fish  depths  were  varied  but  the 
slant  range  was  held  constant.  This  made  it  possible  to  vary  the  sur- 
face cut-off  time,  and  thus  the  impulse  dose,  while  keeping  the  peak 
pressure  constant. 

By  plotting  the  probit  of  mortality  versus  the  logarithm  of  the 
impulse,  it  was  determined  that  the  dose-response  data  for  each  spe- 
cies of  fish  fell  approximately  along  a straight  line.  For  this  rea- 
son, a probit  regression  analysis  was  run  on  each  swf.  of  data  to  obtain 
an  equation  ip,  the  form  of  y ■ a+b  logjo(x)  where  y was  the  percent 
mortality  in  probit  units  and  x was  the  logarithm  of  the  impulse.  In 
general,  the  probit  slopes,  b,  for  one  species  exposed  at  several 
depths  or  the  slopes  for  large  or  small  specimens  of  a species  were 
not  significantly  different.  In  these  instances  a parallel  probit 


2,  Richmond,  D.  R. , J,  T.  Yelverton  and  E.  R.  Fletcher,  "Far-Field 
Underwater-Blast  Injuries  Produced  by  Small  Charges,"  Technical 
Progress  Report,  DNA  3081T,  Defense  Nuclear  Agency,  Washington, 

D.  C.,  July  1,  1973. 

3.  Yelverton,  J.  T. , D.  R.  Richmond,  E.  R.  Fletcher  and  R.  K.  Jones, 
"Safe  Distances  from  Underwater  Explosions  for  Mammals  and  Birds," 
Technical  Progress  Report,  DHA  3114T,  Defense  Nuclear  Agency, 
Washington,  Dl  C.,  April  1073. 
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analysis  was  used  resulting  in  a common  slope  for  tho  various  regres- 
sion lines.  The  probit  equations  as  well  as  the  impulses  for  1-,  50- , 
and  99-percent  mortality  (including  confidence  limits)  computed  from 
the  equations  are  presented  in  Table  1, 

The  assumption  that  impulse  was  the  damage  parameter  was  con- 
firmed in  tests  wherein  one  species  of  fish  was  exposed  at  three  dif- 
ferent depths.  Carp  were  tested  at  depths  of  0.17,  1,  and  10  ft, 
respectively.  As  seen  in  Table  1,  the  individual  LD50  impulse  values 
were  not  significantly  different:  27.4  psi -msec  for  carp  at  0.17  ft, 
23.5  psi* msec  for  carp  at  1 ft,  and  26.2  psi -msec  for  those  at  10  ft. 

In  contrast,  the  corresponding  peak  pressures  associated  with  these 
LD50  impulses  varied  considerably:  810  psi  at  0.17  ft,  335  psi  at  1 ft, 
and  176  psi  at  10  ft . 

That  the  peak  pressure  was  not  the  damage  parameter  was  also  dem- 
onstrated in  tests  with  small  bluegill.  They  were  placed  at  increas- 
ing depths  but  at  a constant  slant  range  from  the  explosive  charge 
(Table  1).  The  peak  pressure  remained  at  182  psi.  In  those  instances, 
the  impulse  and  mortality  increased  with  the  depth  of  the  fish. 

Figure  1 is  a log-log  plot  of  LD50  impulse  versus  body  weight 
taken  from  the  data  in  Table  1.  A linear  regression  was  obtained 
using  all  of  the  data  points,  and  the  regression  line  and  equation 
are  given  in  the  figure.  As  can  be  seen,  there  was  no  detectable 
difference  between  the  ducted  and  conducted  fish  in  that  the  data  for 
both  types  fall  close  to  the  line.  The  figure  also  demonstrates  that 
the  larger  the  fish,  the  larger  the  impulse  required  to  produce  50- 
percent  mortality.  This  was  true  both  within  a species  and  between 
species.  Further  the  slope  of  the  line  is  near  tho  predicted  value 
of  1/3. 

Considering  the  data  for  all  eight  species  and  thirteen  body  - 
weight  groups,  the  impulse  required  to  produce  1-percent  mortality 
was  0.55  times  the  LDso  impulse,  on  the  average.  This  factor  was 
used  to  derive  the  1-poroent  mortality  line  in  Figure  1.  In  a simi- 
lar manner,  the  largest  impulse  at  which  no  injuries  were  produced 
was  determined  to  be  0.20  times  the  LD50  impulse,  on  the  average. 

This  factor  was  used  to  derive  the  no-, in juries  line  in  Figure  1. 

The  data  presented  in  this  report  and  in  Reference  1 can  be 
used  to  predict  ranges  from  underwater  explosions  at  which  fish  will 
be  killed  and  to  predict  ranges  where  there  would  be  no-injuries. 

It  should  be  emphasized  that  these  data  should  only  be  used  to  pre- 
dict fish  response  under  conditions  analogous  to  those  of  this  ex- 
periment; that  is,  for  underwater-blast  waves  having  steep  fronts 
and  short  durations  typical  of  those  recorded  In  free  water  and  near 
the  surface,  There  is  uncertainty  in  predicting  fish  response  at 
long  ranges  from  very  large  explosions  because  of  the  difficulty  in 
forecasting  the  impulse.  At  long  ranges,  the  wave  shape  can  be  al- 
tered by  such  things  as  water  temperature  gradients. 
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environmental  assessment  of  the  use  of  explosives 

FOR  SELECTIVE  REMOVAL  OF  EELCRASS  (Z05TERA  MARINA) . 


Michael  Ludvig 

Environmental  Auseesment  Branch 

National  Marine  Fisheriaa  Service 

National  Oceanic  and  Atmoaphrric  Administration 

U.F.  Department  of  Commerce 

Milford,  Connecticut  06460 


ABSTRACT 


Data  ware  obtained  regarding  the  biological  and  physical  impacts  associated  vlth 
using  explosives  ae  a herbicide  for  eelgrase  (2oatera  marina).  P.emoval  of  the 
rooted  marine  vegetation  from  an  urea  approximately  122  meters  wide  and  .130  metara 
long  within  Nlantlc  Estuary  at  Waterford,  Connacticut  haa  baen  propoead  in  an 
attempt  to  improve  watar  quality  and  containmant  of  agg  and  larval  stages  of  tha 
Bay  Scallop  (Argopactana  lr radiums) . Creation  of  a channel  through  dense  stands 
of  aalgraea  should  rasitablish  a paraiitant  tidal  addy  in  the  inner  aatuary  which 
would  improva  diaaolvad  oxygen  levels  and  allow  uora  complete  habitation  of  the 
ambayWnt.  Relying  on  a physical  model  and  ir.  aitu-ganerated  information  from 
both  the  private  end  public  eectora  it  haa  been  concluded  thet  such  sn  attempt, 
with  proper  constraints,  should  ba  allowed. 


INTRODUCTION 


During  the  193Q'a,  eelgrass  (Zosters.  marina)  was  subjected  to  a westing  disease 
that  caussd  extensive  dleoffe  of  this  rooted  marine  vegetation.1  The  thallue 
structures  of  eaigraas  had  baan  found  to  ba  a primary  location  of  bay  acallop 
(Arnopectiwe  irradlans)  larval  sattlng  prior  to  their  establishment  on  the 
bottom  within  these  vagatated  areas.2  It  van,  therefore,  expected  that  as  tha 
eelgrase  tarda  died  out  bey  ehillbp  populations  would  decrease.  This  expectation 
was  realised  along  tha  coastline  vlth  the  possible  single  exception  of  the  Niantir, 
Eatuary.3  ? Located  in  Connecticut' a see  tern-moat  New  London  County,  Nlantlc  Entuary 
le  almost  entirely  land-locked , is  relatively  shallow,  and  haa  minimal  freshwater 
imput, (Figure  1).  Nutrlante  are  Supplied  to  the  area  primarily  from  upland  runoff 
and  a tidal  prism  that  cycles  approximately  51  percent  of  the  estuary's  low  water 
volume.  However*  the  residence  time  for  a water  particle  from  the  northern  area 


1.  8 t evens,  N.E.T’hTr".  dills  and  R.B.  Steven*.  Wasting  and  Racovary  of  Zoatora 
marina  on  the  Atlantic  Coast  of  tha  United  States.  Plant  Diaaaet  Reporter, 
341157-162. 

2.  Thayer*  C.W.  end  H.H.  Stuart.  1974.  The  Bay  Scallop  makes  its  Bed  of  SaegraSs. 
Mar.  Fiehtr.  Rav.  7i  27-30. 

3.  Marshall,  N.  I960.  Studies  of  the  Nientic  River,  Connecticut  with  Special 
Reference  to  the  Day  Scallop,  Argopecten  irradidna*  Llmnol.  Ocaanwgr.  5s 
86*?  103. 

. ' , \ ' . 
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of  the  estuary  Is  approximately  27  days.  This  is  quit*  long  for  Che  smell  size 
of  the  water  body,  but  the  restrictive  opening  and  resulting  poor  flushing 
characteristics  of  the  outer  bay  area  cause  such  a drawn  out  exchange.*  The 
reduction  in  plant  biomass  Induced  by  the  eelgrass  disease  allowed,  within  the 
area,  a more  thorough  flushing  and  creation  of  a tidal  gyre  In  the  upper  reaches. 
The  gyre  appears  to  have  acted  as  a passive  maintenance  Bystem  for  larval  bay 
scallops  while  providing  a mors  thorough  mixing  of  watere  in  this  upper  estuary 
region.  Marshall's  1960  dlscucaion  of  this  situation  describes  the  scallops  as 
setting  on  red  algae  in  the  absence  of  eelgress  within  the  estuary.  Apparently 
the  algae  served  «s  a suitable  substitute  for  the  destroyed  eelgrass.  As  eelgrass 
reestablished  itself  along  the  coastline  it  also  revegetated  the  estuary  and  had, 
by  the  early  1960's,  extensively  reduced  the  cldally-generated  gyre's  persistence 
and  mixing  capabilities.  During  this  same  period  bay  scallop  production  suffered 
a serious  decline.  Compounding  the  roductlon  in  numbers  of  juveniles  the  area 
experienced  a series  of  concurrently  occuring  harsh  winters  which  had  caused  the 
almost  complete  exclusion  of  bay  scallops  from  the  area. 5 


INVOLVEMENT 


In  1973,  a local  marine  contractor,  who  had  been  experimenting  with  small  charge 
blasting  to  remove  eelgrass,  wss  offered  the  opportunity  of  using  his  technique 
to  remove  the  grsse  from  e North-South  band  along  the  central  tree  of  the  eetuary. 
The  National  Marine  Fisheries  Service's  involvement  wAe  stimulated  by  the  unique- 
ness of  those  efforts  snd  ths  need  for  U.S.  Department  of  the  Army  permits  to 
parform  this  activity.  Our  initial  concorn  was  that  the  area  selscted  for  de- 
foliation had  not  baan  chosen  properly  and  that  littlu  coordinated  effort  was 
being  mads  to  ineuru  environmental  protection  of  the  area's  resources.  A liter- 
ature review  was  undartaken  in  an  attempt  to  begin  to  remedy  these  shortcomings. 

Ths  review  revealed  thst  the  U.S.  Coast  Guard  Academy  had  a functional  hydraulic 
model  of  the  area  and  had  performed  extensive  oceanographic  sampling  therein.  In 
view  of  their  previous  involvement,  and  although  ths  model  had  not  baen  verified, 
the  Coast  Guard  was  s«k«d  to  perform  e aeries  of  model  runs  using  simulated  eel- 
grass  in  sn  attempt  to  identify  the  extenc  of  grass  removal  needed  to  reestablish 
the  tidsl  gyre.  From  those  studies  it  was  concluded  that  an  IS  acre  band  approxi- 
mately 530  maters'  long  by  122  meters  wide  should  be  defoliated  if  the  gyre  was  to 
be  r<*eet«bllah«d  with  a relatively  high  level  of  confidence  and  persistence. 6 

Concurrent  with  the  Coest  Guard's  modeling  activities,  ths  contractor  demonstrated 
his  technique  With  in  situ  observations  being  performed  on  the  detonation  of  single 
and  multiple  chargee  well  «e  a weighted  length  of  detonation  cord  alone.  Prior 

TT  Ko3^«yerT*R37--7k  Study  of  "the  Niantic  River  Estuary,  Nifntic,  Connecticut 
Report  No.  R0CGA1S.  Off lev  of  Research  and  Development,  U.S.  Coast  Guard 
Headquarters.  Wash. , D.C.  pp78. 

3.  Gaucher*,  T.A.and  V.  Lae,  197? .Progress  Report  on  ths  Program  to  Revitalize 
the  Bay  8call.op  in  the  Niantic  River  Estuary.  Prepared  fort  Waterford-East 
Lyme  Shellfish  Comission,  Weterford“Rast  Lyme,  Connecticut.  pp35. 

6.  Kqtlmeyar,  R.C.  1974-75.  Results  of  Modeling  Letters  to  Regional  Director, 
National  Marine  Fisheries  Service. 
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to  electrically  triggering  the  charges  the  contractor  uaed  even  smaller  charges 
(fireworks)  in  an  effort  to  frighten  flnfish  from  the  blast  area.  Those  In 
situ  observations,  performed  -immed lately  after  the  blasting,  attempted  to 
quantify  the  extent  of  biological  perturbation  experienced  following  each  blast 
tachnlque. 


DISCUSSION 


It  was  found  Chat  the  physical  impact  on  the  aubBtrate  waa  a small,  approximately 
45  cm  diameter  by  15  to  20  cm  deep  crater.  FinfiBh  impacts  were  quantified  by 
diver  and  surface  collecting  efforts.  It  was  noted  that  some  stunned  or  killed 
fiah,  evan  though  equipped  with  <>  .m  bladders,  failed  to  surface  aa  a result  of 
entrapment  in  the  ealgrass  fronds  and/or  heavy  predation  by  attracted  American 
eels  (Anguilla  rostrate).  The  1 to  3 meters  of  water  depth  in  much  of  the 
estuary  appears  to,  along  with  seasonality,  limit  the  size  of  the  finfiah  ualng 
the  area  during  lower  tidal  atagea.  This  waa  verified  by  the  finding  that  the 
flnfish  most  Impacted  during  experimental  blasting  were  predominately  juvenile 
(0  or  1 year  class)  Atlantic  sllveraldas  (Menidia  menidla) , rainbow  amelt 
(Oimerus  mordax).  Sticklebacks  (Family  GASTEROSTEIDAE) , tomcod  (Microgodus 
tomcod).  and  blackflah  (Teutons  onitia). 

Initial  counts  of  ealgrass  density  ranged  from  80  to  140  stalks  per  square  meter 
with  aome  rockweed  (fuc.ua  ap)  and  tha  green  algae  Codium  sp  intarnpnrsed.  Our 
biological  appraisal  results  appear  to  support  those  described  by  the  Chesapeake 
Biological  Laboratory  (1948),  Brown  and  Smith  (1972)  and  Young  (1973). 7*8, 9 
Relying  on  the  data  generated  by  those  investigations  and  the  more  recent  work 
of  Cespln  (1973),  It  Wes  concluded  that  minimization  of  water  depths  snd  areal 
coverage  would  do  much  to  minimize  tha  extent  of  biological  perturbation.^ 
Follow-up  studies  on  those  initial  blasts  hsva  indicated  that  most  soft-bodlad 
invertebrates  within  close  proximity  to  the  blast  crater  suffered  extensive  mor- 
tality. It  should  be  noted  that  this  substrate  is  generally  a ellt/sand  composi 
tion,  typical  of  ealgrass  stands^1 

Ti  T 1948.  Effects  of  Underwater  Explosions  on  Oysters,  Crsbs  and  Fish. 

Publication  No.  70,  Chesapeake  Biological  Laboratory  for  the  Stats  of 
Maryland,  Board  of  Natural  Resources,  Dept,  of  Research  and  Education.  pp43 

8,  Brown,  C.L.  andR.tl.  Smith.  1972.  Effects  of  Underwater  Demolition  on  the 
Environment  in  e email  tropical  marine  cove,  NUSC  Technical  Report  4459, 
Nsval  Underwater  Systems  Center.  ppl8 

9.  Young,  G.A.  1973.,  Guidelines  For  Evaluating  the  Environments),  Effects  of 
Underwater  Explosion  Test,  Explosions  Research  Dept.,  Undsrveiar  Explosions 
Division,  Navel  Ordinance  Laboratory,  Whits  Oak,  Silver  Spring,  Md.  pp91 

10.  Gaepin,  J.B.  1975.  Experimental  Investigations  of  thw  Effects  of  Underwater 
Explosions  on  Swlmbladder  Fish,  It  1973  Chesapeake  Bey  Tests,  Naval  Surface 
Weapons  Center,  White  Oak,  Silver  Spring,  Md.  pp40 

11.  Marshall,  N*  end  K.  Lukas,  1970.  Preliminary  Observations  on  the  Properties 
of  Bottom  Sediments  with  end  without  Ealgrass,  Zosters  marina  Coyer.  In: 
Proceedings  of  the  National  Shsllfishsriss  Asso.  60s  107-111. 
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The  hard  shelled  invertebrates,  such  as  quohog  (M^rcenaria  mercenarla) , channeled 
whelk  (Busycon  canallcvlatum) , bay  scallops  (Argopectens  irradiantO , and  hermit 
crab  (Paaurus  ap)  were  apparently,  in  both  the  ahort  and  long-term,  unaffected 
by  the  blasts  unless  directly  beneath  or  in  extremely  close  proximity  to  the 
point  of  detonation.  In  that  approximately  0.25  square  meter  area  total  mortal- 
ity was  observed,  but  recolonization  by  opportunistic  species  was  well  advanced 
within  a two  week  period.  During  the  next  eight  weeks  the  eelgrass  experienced 
a remarkable  orderly  dieback.  In  no  Instance  was  the  disappearance  less  than 
complete  along  an  expanding  circle  of  defoliation.  In  the  case  of  the  single 
charged  detonations  the  circular  defoliation  had  a final  diameter  of  approximately 
eeven  to  eight  meters.  The  chain  or  string  detonations  created  overlapping  zings 
of  impact  ultimately  clearing  a rectangular  area  approximately  40  meters  long  and 
7 to  8 meters  wide.  The  detonation  cord  created  a similar  impact  but  the  final 
zone  of  influence  was  limited  to  approximately  2 to  4 meterB  of  total' width.  Re- 
moval was  restricted  to  eelgrass,  with  Codlum  and  rockweed  thriving  in  the  defoli- 
ated areas  following  eight  weeks.  The  cause  of  this  orderly  species-specific 
defoliation  is  hypothesized  as  being  the  result  of  a disruption  of  the  cellular 
structures  within  the  rhizomes.  The  disruption  could  also  have  stimulated  bio- 
logical attacks  on  these  structures.  Such  conditions  represent  one  possible 
explanation  for  the  extensiveness  of  the  dieoff,  since  initial  cell  rupture  did 
not  appear  as  widespread  in  area  as  the  dieoffs  ultimately  covered.  As  the  cell- 
ular destruction  radiated  outward  the  thallus  structures  separated  in  a manner 
reminiscent  of  nrnnal  exfoliation  during  the  late  autumn  or  winter  period.  Ex- 
amination of  the  .'.1  gomes,  however,  clearly  indicated  cell  wall  failure  internally 
while  the  epidermal  fibers  continued  to  hold  the  structure  together. 

To  assess  the  physical  and  biological  impact  of  the  removal,  a pre  and  post  acti- 
vity monitoring  program  has  been  established.  In  situ  sampling  and  a literature 
review  of  area  finfish  resources  -was  also  used  in  an  attempt  to  Identify  the  most 
appropriate  time  frame  for  this  activity.  The  monitoring  program  relies  heavily 
on  water  quality  parameters  as  indicators  of  the  effectiveness  of  the  effort. 

Using  temperature  data  collected  at  three  points  concurrently  with  dissolved 
oxygen  levels  it  i'  hoped  that  following  the  removal  scheduled  for  October  15th 
through  December  15th,  1976,  clear  evidence  will  be  obtained  regarding  the  effec- 
tiveness 'it  this  potentiully  useful  technique. 

The  restrictions  which  have  been  incorporated  within  the  Department  of  the  Army 
permit  for  this  activity  include! 

1.  Two  full  years  of  monitoring 

2.  Blasting  will  not  encompass  more  than  h acre  ver  shot 
and  only  after  adequate  precautions  have  been  taken. 

3.  Blasting  will  occur  between  October  15th  and  December  15th 
and  during  the  lower  half  of  each  tidal  cycle. 
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4.  Monitoring  station*  will  bs  at  the  head  and  foot  of  the 
blawt  area  vith  a third  being  in  the  area  of  the  gyre's 
appearance. 

3.  Collections  will  be  et  least  duplicates  of  surface  and 
bottom  recordings. 

6.  Results  at*  to  be  presented  at  least  bi-atmually  to  the 
Involved  groups. 


Proa  these  stipulstions  it  is  our  hope  that  the  environmental  Impart  of  the  total 
effort  can  be  assessed  for  this  sit#  and  applied  to  other  locales  when  or  if 
eelgrass  removal  is  deemed  necessary  or  desirable. 
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UNDERWATER  EXPLOSION  LEVELS  EVALUATED  BY  SWIMMER 

Donald  R.  Richmond 
Lovelace  Biomedical  & Environmental 
Research  Institute,  Inc. 

Albuquerque,  New  Mexico  87115 


Introduction 


In  1969  an  underwater  test  facility  was  constructed  specifically 
to  study  biological  effects  produr ed  by  underwater  blasts.  Experi- 
ments were  conducted  to  determine  the  rangea  from  small  charges  that 
were  lethal,  injurious,  or  noninjurious  to  several  species  of  mammals, 
birds,  and  fish.  It  was  reasonably  well  established  that  the  impulse 
(integral  pdt)  in  the  underwater-blast  wave  was  the  parameter  that 
governed  biological  damage. 

The  results  of  one  study  demonstrated  that  large  animals  were  not 
injured  at  impulse  levels  of  2 psi-msec  (Ref.  1).  During  that  study  a 
swimmer  evaluated  the  2 psi-msec  underwater-blast  level.  Based  on  the 
results  of  that  study,  minimum  stand-off  ranges  for  unprotected  swim- 
mers near  underwater  explosions  were  compiled  (Ref.  2).  Because  the 
2 psi*msec  criterion  was  based  on  one  set  of  underwater-blast  exposure 
conditions,  namely,  swimmer  with  head  above  the  surface  and  a small 
charge  at  a 10-ft  depth  of  burst,  the  criterion  had  definite  con- 
straints. The  criterion  applied  to  an  underwater  blast  having  a sim- 
ple exponential  waveform.  It  did  not  apply  to  distorted,  double,  or 
repeated  pulses.  These  pulses  could  be  expected  when  charges  were 
detonated  on  the  bottom,  encountered  near  reflecting  surfaces,  or  from 
multiple  bursts.  The  criterion  was  limited  to  operations  in  deep,  open 
water;  swimmer  within  10  ft  of  the  surface;  charges  smaller  than  50  l.b; 
charge  depths  of  30  ft  or  less;  and  impulse  levels  of  2 psi-msec  with 
associated  peak  pressures  limited  to  50  psi. 

The  purpose  of  this  report  is  to  present  additional  data  on  im- 
pulse levels  sustained  by  a swimmer  in  configurations  which  removed 
most  of  the  above  constraints.  The  following  conditions  were  evalu- 
ated: underwater  blasts  from  charges  larger  than  50  lb,  underwater 
blasts  from  charges  fired  at  depths  greater  than  30  ft,  underwater 
blasts  with  high  peak  pressures,  and  nonexponential  waveforms 


1,  Richmond,  D.  R.,  J.  T.  Yelverton,  and  E.  R.  Fletcher,  "Far-Field 
Underwater-Blast  Injuries  Produced  by  Small  Charges,"  Technical 
Progress  Report,  DNA-3081T,  Department  of  Defense,  Defense  Nuclear 
Agency,  Washington,  D.  C.,1  July  1973. 

2.  Christian,  E.  A.  and  C.  J.  Aronson,  "Minimum  Allowable  Standoff 
Ranges  for  Swimmers  Operating  Near  Underwater  Explosions,"  pp. 
1477-1601,  Vol.  II,  Minutes  of  the  Fifteenth  Explosives  Safety 
Seminar . 18-20  September  16t3. ‘San_yrancisco , California,  Depart- 
ment of  befense' "Explosives  flaxetjr  board,  Washington,  b.  C . 
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generated  by  bottom  reflections.  In  addition,  reflections  near  an  ob- 
stacle were  tested.  Finally,  the  effects  of  underwater  explosions  on 
the  ea,rs  were  evaluated. 

Results 


Series  1:  1-Lb  Charges.  10-Ft  Depth  of  Burst.  This  series  was 
the  initial  test  to  evaluate  impulse  levels  of  2 psi -msec  and  above 
from  1-lb  charges  fired  at  10-ft  depths  of  burst.  This  configuration 
corresponded  to  the  one  commonly  used  with  animal  specimens.  The  peak 
pressures  were  on  the  order  of  100  psi.  The  subject  was  standing, 
neck  deep,  facing  the  charge,  in  the  southeast  corner  of  the  test  pond 
except  on  Shot  193  when  he  was  treading  water  beneath  the  center  of 
the  east  rigging.  The  charges  were  placed  along  the  main  axis  of  the 
pond  that  ran  from  east  to  west. 

The  sensations  produced  by  the  underwater  blasts  along  with  the 
pressure-time  parameters  for  Series  1 appear  in  Table  1.  Only  slight 
pings  were  felt  at  the  lower  abdomen  at  impulse  levels  ranging  from 
1.9  to  3.0  psi ‘msec.  These  levels  were  tolerable  and  did  not  produce 
any  discomfort.  At  impulse  levels  above  3 psi ‘msec,  a transient, 
stinging  sensation  over  the  entire  front  body  surface  was  evident, 
but  was  also  tolerable . 

Series  2:  Open  Water  Tests.  These  tests  were  to  assess  impulse 
levels  of  near  2 psi -msec  from  larger  charges  in  open  wuter  with  some 
detonations  at  greater  depths.  Six  tests  were  run:  three  in  a large 
bay  where  the  water  was  150  ft  deep  and  the  bottom  was  of  muddy  or- 
ganic material,  and  three  in  a river  where  the  water  was  25  ft  deep 
and  the  bottom  was  sandy.  As  usual,  the  swimmer  was  facing  the  charge, 
wearing  swim  trunks  only  (no  life  jacket),  and  was  treading  water. 

Since  the  depth-of-burst  was  fairly  deep  on  the  first  three  fir- 
ings in  water  150  ft  deep,  the  peak  pressures  associated  with  the  im- 
pulses were  near  100  psi.  In  the  tests  conducted  in  the  water  25  ft 
deep,  the  peak  pressures  were  near  50-60  psi.  Pressure-time  patterns 
were  not  recorded  adjacent  to  the  swimmer  during  the  open  water  tests, 
they  were  calculated. 

Only  minimal  sensations  were  experienced  by  the  swimmer  during 
the  open  water  tests1 (Table  1).  These  were  blight  pings  and  thump- 
like sensations  felt  at  the  lower  abdomen  or  pelvic  region.  There 

were  no  sensations  felt  at  the  thorax.  None  of  the  sensations  pro- 

duced any  discomfort. 

Series  3:  Impulses  With  High  P^ak  Pressures.  These  tests  were 
to  e v aluiat e "the  ef  f e ct s of  impulses  with  high  peak  pressures.  High 
peak  pressures  were  obtained  b,  placing  the  charges  at  shallow  depths 
of  burst  (1  ft).  The  subject  was  standing,  neck  deep,  In  the  south- 
east corner  of  the  pond  and  the  charges  were  placed  along  the  main 

axis  of  the  pond.  One  exception  was  on  Shot  7E,  D/6/73,  when  the  0.5- 

lb  charge  was  45  ft  from  the  southeast  corner  w-  a line  toward  the 
northwest  cornet. 

Only  a slight  thump  at  the  pelvic  region  was  experienced  by  the 
subject  from  a 2.8-lb  chargo  detonated  at  a rings  of  81  ft.  The  im- 
pulse was  1.1  psi'msoc  and  the  peak  pressure  wae  218  psi  with  a cut- 
off time  of  0.005  msec,  Table  1. 
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Series  4:  Evaluation  of  Sound  from  Underwater  Blast.  These 
tests  were  to  determine  whether  or  not  the  sound  heard  from  an  under- 
water-blast wave  having  an  impulse  of  2 psi-mssc  would  be  acceptable. 
The  plan  was  to  have  the  swimmer's  ears  at  a 1-ft  depth  and  decrease 
the  range  of  the  charge  until  an  impulse  of  2 psi-msoc  was  reached  or 
tinnitus  (ringing  in  the  ears)  was  experienced.  The  swimmer  wore  the 
upper  half  of  a wet  suit  during  these  tests. 

Preliminary  tests  involved  the  use  of  blasting  caps  as  the  explo- 
sive source.  The  subject  was  beneath  the  main  rigging,  upright  in  the 
water,  facing  the  charge  with  ears  at  a 1-ft  depth.  The  blasting  caps 
were  detonated  at  10-ft  depths  to  the  east  of  the  main  rigging.  Dis- 
tances from  the  charge  ranged  from  100  to  25  ft  with  the  highest  im- 
pulse being  1.3  psi-msec  with  a corresponding  peak  pressure  of  52  psi. 

As  seen  in  Table  1,  none  of  the  sound  levels  associated  with  im- 
pulses ranging  from  028  to  1,3  psi-msec  were  uncomfortable  to  the 
subject.  The  sounds  heard  were  about  the  same  as  from  a small  pistol, 
10  ft  away,  fired  in  air. 

Next,  0.5-lb  pentoiite  charges  were  detonated  at  10-ft  depths 
with  the  swimmer  at  the  southeast  corner  of  the  pond,  The  subject 
faced  the  charge  with  ears  at  a 1-ft  depth.  The  charges  were  sus- 
pended from  a line  extending  from  the  southeast  corner  to  the  north- 
west corner  of  the  pond. 

No  tinnitus  or  discomfort  was  experienced  during  the  0.5-lb 
charge  firings.  There  was  never  any  pressure  felt  at  or  inside  the 
subject’s  ears.  The  sound  was  similar  to  that  heard  from  the  blasting 
caps. 


Series  5:  Underwater  Blast  Near  a Reflector.  Series  5 tests  were 
to  obtain  information  on  the  effects  of  underwater  blasts  near  an  ob- 
stacle or  reflecting  surface.  The  reflecting  surface  was  a 4-  by  8- 
ft  steel  plate,  5/8-in-thick,  which  was  hung  from  a large  raft  located 
toward  the  west  end  of  the  test  pond.  The  plate  was  perpendicular  to 
the  main  axis  of  the  pond  with  its  upper  margin  6 in  above  the  water 
surface.  Two  teats  were  run.  On  the  first  test  (41A)  the  subject  was 
upright  in  the  water,  head  out  of  the  water,  with  his  right  shoulder 
against  the  steel  plate.  On  the  second  test  (4 IB)  he  was  in  a supine 
position,  1 ft  from  the  reflecting  plate  with  head  out  of  the  water. 

Table  1 shows  the  results  obtained  with  the  subject  was  against 
and  at  1 ft  from  the  reflecting  plate  with  1-lb  charges  detonated  at 
a range  of  130  ft  with  a 5-ft  depth  of  burst.  As  anticipated,  only 
weak  pings  were  felt  from  the  direct  wave  and  its  reflection  f;rom  the 
reflecting  plate.  However,  a moderate  blow  at  the  base  of  the  spine 
was  delivered  by  the  reflection  from  the  bottom  or  from  the  west  bank 
of  the  pond.  This  was  different  and  more  intense  than  the  other  sen- 
sations experienced  on  prior  tests.  This  moderate  blow  to  the  lower 
spine  was  also  encountered  on  the  second  shot  of  this  series  when  the 
subject  was  horizontal  to  the  surface  and  1 ft  from  the  reflecting 
plate. 

Series  6 : Wet  Suit . two  tests  wejre  conducted  to  determine  what 
influence  * wet  suit  might  have  on  the  sensations  produced  by  the 
underwater  blast.  The  wet  suit  was  3/8  in.  thick.  The  subject  wore 
both  the  top  and  bottom  portions  of  the  wet  suit.  He  was  standing  in 
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the  southeast  corner  of  the  pond,  neck  deep,  115  ft  from  a 1-lb  charge 
detonated  at  a 10-ft  depth. 

Table  1 shows  the  results  obtained  when  the  swimmer,  clad  in  a 
wet  suit,  received  an  impulse  of  3 psi-msec.  The  wet  suit  reduced  the 
blast  sensations  from  what  was  felt  with  swim  trunks  only.  On  the 
first  shot,  31A,  the  lower  leg  portion  of  the  wet  suit  was  unzipped 
and  a transient  sting  was  felt  on  the  uncovered  portion  of  the  body. 

On  the  following  shot,  315,  the  wet  suit  was  zipped  closed  and  there 
was  a noticeable  reduction  in  the  effect,  The  sting  sensation  was 
reduced  to  a weak  thump. 

Bottom  Reflections.  The  bottom  reflections  measured  on  some  of 
the  tests  were  characterized  by  a finite  rise  to  the  peak  pressure 
that  occurred  about  midway  in  the  wave.  The  peak  pressures  were  con- 
siderably less  than  in  the  direct  shocks  but  the  impulses  were  larger 
because  the  durations  were  longer  by  a factor  of  about  10. 

The  peak  pressures  in  the  reflected  waves  ranged  from  between  15 
and  38  psi  and,  in  one  case,  98  psi.  Impulse  values  recorded  at  1-ft 
depths  ranged  from  2.5  to  8.7  psi* msec — durations  were  on  the  order 
of  tenths  of  milliseconds.  Usually,  there  were  several  such  bottom 
reflections  on  a record,  but  only  the  larger  ones  were  selected  to 
compute  the  impulse. 

In  most  instances,  the  bottom  reflections  did  not  add  to  the  sen- 
sations reported  in  Table  1,  an  exception  was  during  Series  5. 

Discussion 


The  present  study  has  provided  information  that  permits  the  lift- 
ing of  some  of  the  constraints  on  the  application  of  the  minimal  allow- 
able stand-off  ranges  described  in  the  introduction  of  this  report. 

To  begin  with,  the  sensations  experienced  from  the  detonation  of 
larger  charges  in  deep,  open  water,  including  some  with  burst  depths 
greater  than  30  ft,  were  mild  and  indistinguishable  from  those  received 
from  small  charges  in  the  test  pond  facility. 

Distorted  wave  shapes  from  the  bottom  reflections  having  impulses 
well  above  2 psi-msec,  but  with  lower  peak  pressures  than  in  the  di- 
rect wave,  were  experienced  and  found,  for  the  most  part,  not  to  pro- 
duce any  discomfort.  Many  of  the  pressure-time  recordings  showed  that 
the  bottom  reflections  were  actually  a series  of  repeated  pulses. 

Since  the  multiple  reflections  did  not  produce  discomfort,  it  can  be 
assumed  that  any  individual  wave  in  this  series  would  not  produce  dis- 
comfort , 

Double  pulses  that  totaled  2 psi-mse",  consisting  of  incident  and 
reflected  waves,  were  evaluated  when  the  swimmer  was  against  or  near 
ah  obstacle.  This  was  found  to  have  no  undesirable  effect. 

In  regard  to  the  constraint  on  the  peak  pressure  allowable  with 
an  Impulse  of  2 psi-msec,  there  was  but  limited  pertinent  data  from 
the  present  study. 

The  data  suggest  that  peak  pressures  up  to  100  psi,  associated 
with  waves  having  impulses  of  2 psi-msec,  would  be  tolerable  to  a 
swimmer  with  head  out  of  the  water,  The  highest  peak  pressure,  with 
an  impulse  of  2 psi-msec,  evaluated  on  the  ears  w^b  71  pal. 

For  practical  reasons  it  must  be  remembered  that  In  order  to  get 
low  Impulses  and  high  peak  pressures  the  charge  and  swimmer 
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must  be  very  near  the  surface.  In  an  actual  situation,  this  becomes 
dangerous  because  small  differences  in  the  depth  of  burst  or  depth  of 
swimmer  that  cannot  be  easily  controlled  would  greatly  increase  the 
blast  effect . 

According  to  tho  information  in  Reference  1,  one  would  not  expect 
any  lesions  from  underwater  blasts  in  large  animals  subjected  to  im- 
pulses of  less  than  10  psi*msec.  Above  10  psi 'msec,  small  areas  of 
contusions  on  the  lining  of  the  gastrointestinal  track  begin  to  occur 
along  with  petechial  lung  hemorrhages.  The  incidence  and  severity  of 
these  lesions  increased  with  greater  impulse  levels. 

Reference  1 also  gives  information  on  dog  eardrum  rupture  result- 
ing from  1-lb  charges  fired  at  10-ft  depths  of  burst  wherein  dogs  were 
tested  right -side-on  with  ears  1 ft  deep.  There  were  no  eardrums  rup- 
tured in  three  animals  at  an  impulse  of  12.4  psi ■ msec  with  an  associ- 
ated peak  pressure  of  215  psi  (range,  60  ft).  One  out  of  11  (9%)  ear- 
drums were  ruptured  at  an  Impulse  of  19.2  psi  msec  and  an  associated 
peak  pressure  of  292  psi  (range,  45  ft).  There  were  8 out  of  22  (36%) 
eardrums  ruptured  at  impulses  of  20-23  psi 'msec  and  a peak  pressure 
of  307-328  psi  (range,  40  ft). 

These  data  give  some  indication  of  the  margin  between  injurious 
and  noninjurious  underwater-blact  levels  and  those  experienced  in 
the  present  study  which  spanned  the  comfort-discomfort  range  for  un- 
protected swimmers. 
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NAVAL  SURFACE  WEAPONS  CENTER  EXPERIMENTS  ON 
FISH  DAMAGE  B1  UNDERWATER  EXPLOSIONS 

by  Joel  B.  Gaspin 
Naval  Surface  Weapons  Center 


Here  at  the  Naval  Surface  Weapons  Center  (NSWC)  ve  are  In  the 
business  of  detonating  underwater  explosions.  We  do  this  to  conduct 
research  on  explosion  phenomena  as  veil  as  in  the  testing  of  warheads 
and  weapon  systems.  Of  course  ve  are  required  to  consider  the  adverse 
environmental  effects  of  this  work.  One  of  the  major  effects  is  damage 
done  to  the  local  fish  population.  We  have  been  studying  the  effects 
of  underwater  explosions  on  svimbladder  fish  (which  include  most  fish 
vith  sport  or  commercial  value)  with  the  aim  of  predicting  and  controlling 
the  damage  done  by  our  operations.  Sines  becoming  involved  in  this  work, 
we  have  become  aware  of  other  groups,  in  the  private  sector  as  well  as 
state  and  federal  government,  who  are  doing  demolition,  construction, 
seismic  exploration  «.t  sea  and  various  other  operations  using  underwater 
explosions.  These  groups  share  our  need  to  predict  end  control  fish 
damage.  In  order  to  make  these  predictions,  we  need  to  knov  the  pressure 
waveform  put  out  into  the  water  by  the  explosion,  a Mo-response  theory 
to  calculate  the  damage  done  to  a fish  by  this  pressure  wars , and  a 
population  estimate  (species  and  density).  In  this  talk  I will  describe 
the  experimental  work  ve  have  done  as  part  of  developing  and  validating 
a bio-response  theory.  In  order  to  validate  the  theory  we  need  explosion 
preeeure-time  data  at  a given  position,  an  evaluation  of  the  damage  done 
to  a fish  at  that  position,  and  a measure  of  the  svimbladder  volume 
(one  of  the  parameters  in  the  bio-response  theory).  NSWC,  in  association 
with  the  Cheasapeake  Biological  Laboratory  (CBL)  of  the  University  of 
Maryland,  performed  two  large-scale  field  programs  to  gather  pressure-time 
and  fish  damage  data  (svimbladder  volumes  were  measured  in  a laboratory 
effort  at  CBL). 


Slide  1 

The  first  ooi  of  tests  was  performed  in  the  Summer  of  1973  in  130-feet 
of  water  in  the  Chesapeake  Bay.  Fish  were  placed  in  plastic  mesh  cages 
at  various  distances  and  depths  from  underwater  explosions.  The  horizontal 
extent  of  this  setup  was  up  to  about  1000  feet.  The  pressures  in  the 
water  at  each  cage  position  vers  rscorded  and  each  specimen  was  dissected 
and  its  damage  evaluated.  The  svimbladder  fish  used  were  white  perch 
and  spot,  with  hogohokers  as  a non- svimbladder  control.  Explosive  charges 
from  1 to  70  pounds  were  used.  Eleven  shots  were  fired  in  this  series. 

The  major  limitation  was  that,  dus  to  local  seasonal  conditions,  there 
was  insufficient  dissolved  oxygen  to  support  fish  life  below  about  20- feet. 
In  order  to  gether  deeper  dsta,  and  to  include  more  species,  a second 
test  series  was  performed  in  the  Spring  of  197$* 

Slide  2 

The  test  design  was  similar  to  the  1973  series,  except  that  the 
flogs  and  pressure  gege  array  was  configured  vertically,  vith  fish  placed 
at  depths  from  $ to  100-feet,  at  a single  horizontal  range  from 
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the  charge | on  each  shot,  of  to  to  300  feet.  In  addition  to  the  species 
used  in  the  1973  series,  we  used  toadflah,  white  oatfiBh,  bluefish, 
croaker,  menhaden,  blueback  herring  and  striped  killifiBh.  Six  explosive 
shots,  with  charge  weights  of  1.25  and  70  pounds,  were  fired  in  thiB 
aeries. 

Slide  3 

After  each  shot,  the  fish  specimens  were  retrieved  and  dissected, 
and  the  damage  evaluated  in  terms  of  the  five  numerical  categories.  Fish 
damaged  at  level  2 would  be  unlikely  to  survive  in  the  wild,  as  they  would 
be  subject  to  selective  predation.  If  kept  in  a holding  tank,  avsy  from 
predators,  d ranged  fish  which  were  not  killed  by  the  explosion,  showed  a 
remarkable  ability  to  survive  and  heal  their  wounds. 

Slide  k 

Before  ve  look  at  a sample  of  the  pressure-time  data,  let's  see  what 
pressure  pulses  the  fish  would  be  exposed  to.  The  first  pulse  to  reach 
the  fish  is  the  direct  shock  wave,  which  travels  a direct  path  to  the 
point  of  observation.  Next,  the  surface  reflection  of  the  direct  shock 
arrives.  The  positive  shook  wave  undergoes  a 180°  phase  Bhift  upon 
reflection  at  the  water  surface,  and  is  transmitted  as  a negative 
pressure  wave.  The  third  arrival  is  the  bottom  reflected  shock  wave. 

This  may  be  either  positive  or  negative,  depending  on  bottom  type  and 
experimental  gaometry.  In  our  tests,  ths  bottom  reflection  was  usually 
negative. 

Slide  5 

Here  is  the  output  of  one  pressure  gage  recorded  on  tape  at  two  gain 
settings.  The  low-gain  record  is  used  to  get  the  details  of  the  direct 
shock  wave.  The  hlgh-galn  record  is  set  to  overload  on  the  direct  shook 
wave,  and  is  used  to  study  the  details  of  the  lover  secondary  pressures. 

On  the  left  of  the  low-gain  reoord  we  see  the  direct  shock  arrival  as 
a near-instantaneous  rise  to  a peak  pressure,  followed  by  a slowly 
decaying,  roughly  exponential  tail.  The  surface  reflection  arrival 
is  marked  by  an  abrupt  drop  to  below  ambient  hydrostatic  pressure. 

The  details  of  the  surface  reflected  vaveform  are  best  studied  on  the 
high  gain  reoord.  After  a time,  the  pressuro  returns  to  ambient.  Later, 
the  negative  bottom  reflection  arrives.  It  is  the  aim  of  our  bio- response 
theory  to  relate  the  observed  damage  in  the  test  specimsns  to  the  details 
of  this  type  of  pressure  reoord  through  a calculation  of  the  dynamical 
motion  of  the  svlmbladdsr  under  explosive  pressure  loading. 

Slide  6 

This  table  summarises  the  soope  of  the  data  set  collected  from  our 
two  field-test  programs.  This  comprises  the  results  of  seventeen  explosive 
shots.  The  Indicated  ranges  of  variables  for  charge  veighte  and  depths, 
and  fish  depths  and  horlsontal  ranges  have  been  reasonably  thoroughly 
covered.  We  have  about  270  high  quality,  broad  band  recordings  of  the 
pressure  waveforms  at  fish  cage  location*.  These  recordings  are  either 
on  magnetic  tape  or  oscllllscope  camera  rooorde.  We  also  huva  the  numerical 
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evaluation  of  damage  to  about  2600  specimens  which  were  directed, 
la  the  next  talk,  John  Ooertner  Mill  dleouee  the  model  of  the  dynamical 
notion  of  the  «viabladdertand  tine  correlations  between  the  pressure-tine 
and  biological  data* 

The  complota  details  of  these  test  series  are  given  in  the  following 
two  references < 

Josl  B.  Oaspin,  "Experimental  Investigations  of  the  Effects  of  Underwater 
Explosions  on  Swimbladder  Fish,  Ii  1973  Chesapeake  Bay  Tests ," 

N8WC/W0L/TR  75-50,  20  Junt  1975* 

Josl  B.  Oaspiu,  Martin  L.  Wiley  and  Craig  B.  Peters,  "Experimental 
Invest igat ions  of  the  Sffeots  of  Underwater  Explosions  on  Swimbladder 
Fish,  Hr  1975  Chesapeake  Bay  Tests,"  HSWC/WOL/TR  76-61,  21  September  1976 
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PRESSURE  - TIME  RECORDS 
70  LBS  PENTOLITE,  30  FT  DOB, 

200  FT  RANGE,  QAQE  DEPTHl  48  FT 


DATA  SUMMARY 

CHARGE  WSiOHTI:  1-72  POUNDS 
CHARGE  DEPTHS:  8-70  POST 
PISH  DEPTHS:  8 -100  PUT 
PISHRANQIS:  40  - 780  PSST 

PISH  OAMAQI  DATA:  ~ MOO  SP8CIMSNS  DISSECTED,  • SPICIIS 
PRESSURE -TIMS  DATA:  ~270  RECORDS 
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DYNAMICAL  MODEL  FOR  EXPLOSION  INJURY  TO  FISH 

John  F.  Cotrtner 
Naval  Surface  Weapons  Center 


To  interpret  the  results  of  the  Chesapeake  Bay  'Testa  described  in 
the  preceding  paper  by  Gaspin  we  hypothesized  a damage  mechanism 
(Figure  l).  ThiB  hypothesis  was  that  the  fishes'  internal  injuries 
can  be  related  to  dynamical  oscillations  of  its  gas-filled  swim  bladder 
in  response  to  the  pressure  field  from  the  underwater  explosion. 

In  this  work  we  represented  the  swim  bladder  (Figure  2)  by  a spherical 
bubble  of  air  and  calculated  its  response  to  the  changing  outside  pressure 
due  to  the, underwater  explosion.  This  response — a sequence  of  radial 
oscillations—waa  calculated  using  the  classical  hydrodynamic  theory  for 
inviscid  flow.  (For  these  calculations  we  used  the  work  of  K.ennard 
(19^3)  and  Snoy  and  Christian  (1952),) 

Figure  3 is  a sketch  showing  the  air  bubble  response  to  a square- 
step  positxve  pressure  followed  by  a constant  negative  pressure.  The 
tension  or  negative  pressure  is  analogous  to  what  happens  in  the  underwater 
explosion  when  the  rarefaction  reflected  from  the  water  surface  arrives 
at  the  fish.  The  case  on  the  left  shows  the  negative  pressure  arriving 
at  the  time  of  an  expansion  causing  the  minimum  amount  of  radius  overshoot 
at  negative  pressure.  On  the  right  is  the  case  where  the  negative 
pressure  arrives  at  the  instant  of  a compression  causing  the  maximum 
amount  of  radius  overshoot  at  negative  pressure.  These  two  cases  are 
the  extremes  of  this  resonance  phenomenon.  The  same  resonance  phenomenon 
occurs  in  underwater  explosions  with  the  arrival  of  the  surface  relection. 

Figure  4 shews  the  calculated  response  to  an  underwater  explosion 
pressure  wave.  Below  the  pressure-time  traces,  we  show  the  relative 
sizes  of  the  spherical  bubble  at  its  successive  extrema.  The  first 
compression — radius  designated  by  Aj^n — is  always  the  smallest.  The 
largest  radius,  Aj^x,  generally  occurs  during  the  final  expansion. 

From  the  ratio  we  forrn  the  damage  parameter,  100  LOGg  (Amax/ 

Amin ) * f°r  explosion  injury  to  fish. 

Figure  5 was  reproduced  from  Yelverton,  Richmond,  et  al  (1975)  and 
was  alBo  uvsd  to  describe  the  results  of  their  experiments  in  their  paper 
given  at  this  Conference. 

Figure  6 was  derived  from  Figure  5 by  malting  use  of  the  experimentally 
observed  line  slopes  of  1/3  to  define  the  Impulse  Damage  Parameter  * 

80  L0CJ]j( I/Ml/3) , where  I is  the  impulse  in  psi-msec  of  the  positive 
portiou  of  the  pressure  wave  and  M is  the  mass  in  grams  of  the  fish. 

The  value,  80,  of  the  arbitrary  constant  was  calculated  to  correspond 
bo  the  value,  100,  in  the  Bladder  Oscillation  Parameter  *100  LOGg 
(AMAx/AMj:jj)  the  damage  parameter  sefined  in  Figure  1*.  The  curve  is  the 
cumulative  logistic  probability  function  with  mean  and  variability  parameter 
fitted  to  the  Lovelace  Foundation  results  shown  in  Figure 
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Level  3 injuries  consist  of  severe  1 hemorrhaging  throughout  the  body- 
cavity,  gross  kidney  damage,  and  the  gas  bladder  is  usually  burst. 

Level  3 injury  has  been  ehovn  to  correspond  to  the  visible  fish-kill 
on  underwatei  explosion  tests ; sr.'d  ecrrebpouda  approximately  to  the 
24-hr  mortality  used  by  the  Lovelace  Foundation  (Figure  7). 

Results  for  1500  Spot  and  White  Perch  from  the  1973  and  1975 
Chesapeake  Bay  Explosion  Tests  are  shown  plotted  in  Figure  8 as  a 
function  of  the  Impulse  Damage  Parameter.  Each  data  point  represents 
the  average  of  from  5 to  20  fish.  The  plot  shows  that  the  Impulse 
Damage  Parameter  does  not  describe  this  data. 

i 

Figure  9 is  identical  to  Figure  8 except  that  data  points  where  the 
bladder  response  calculation  shoved  more  than  one  cycle  to  have  occurred 
during  the  positive  phase  have  been  removed.  Thus,  the  Impulse  Damage 
Parameter  describes  those  cases  where  the  charge  and/or  the  fish  vere  at 
shallow  enough  depth  so  that  only  one  or  less  cycles  of  oscillation 
occurred  before  surface  reflection.  The  curve  is  the  averaged  curve 
from  Figure  6 — the  Lovelace  Foundation  result.  It  also  describes  this 
data. 

Figure  10  shows  all  of  the  Spot  and  White  Perch  level  3 injury  data 
from  the  Chesapeake  Bay  Explosion  Tests  plotted  as  a function  of  thiB 
calculated  damage  parameter.  The  Bladder  Oscillation  Parameter  derived 
from  the  dynamical  response  of  the  svimbladder  describes  the  complete 
set  of  results  for  Spot  and  White  Perch  if om  these  tests. 

Figure  11  is  identical  to  Figure  10  except  that  the  White  Perch 
data  have  been  removed  leaving  only  the  results  for  some  TOO  Spot. 

The  curve  Bhows  the  Cumulative  Logistic  Probability  Function, 

p m 1 — , which  was  fitted  analytically  to  this 

1 + EXP[-0.055(Z-125)] 

data.  The  curve  passes  the  chi  square  test  of  goodness  of  fit  at  the 
5%  significance  level.  For  the  present  we  plan  to  use  this  curve  to 
represent  all  of  our  Spot  and  White  Perch  data  from  these  tests  for  the 
purpose  of  making  fish-kill  predictions. 

Figure  12  is  Identical  to  Figure  10  except  that  the  curve  fitted  to 
the  Spot  data  (Figure  11)  has  been  added. 

When  the  charge  and/or  the  fish  are  sufficiently  shallow  so  that 
one  or  leaf*.  cycles  of  bladder  oscillation  occur  during  the  positive 
phase  of  the  pressure  wave  we  may  use  either  or  both  the  Impulse 
Damage  Parameter  and  the  Bladder  Oscillation  Parameter  to  describe  the 
kill  probability  (figure  13).  Whoa  the  geometry  of  tb*  explosion  is 
deeper  and  more  than  one  cycle  of  oscillation  occurs  as  in  Figure  4, 
only  the  Bladder  Oscillation  Parameter  applies, 

The  curves  shown  in  Figure  1 4 are  calculated  from  the  Bladder 
Oscillation  Parameter  using  the  cumulative  probability  function  described 
in  Figure  11.  The  "Bladder  Radius"  is  the  spherical  bubble  radius  used 
for  the  dynamical  response  calculation.  'The  "Rockfiph  Length"  is  the 
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estimated  size  of  a Rockfish  (Striped  Bass)  corresponding  to  the  effective 
bladder  radius. 

The  calculated  curves  for  the  kill  probability  are  a complex  function 
of  the  fishes'  depth  in  the  vater  column.  They  also  change  in  a complex 
manner  for  different  sized  fish.  The  "hump"  in  the  kill-probability 
curves  for  the  tvo  larger  fish  is  due  to  the  resonance  which  occurs 
when  the  surface  reflection  arrives  during  the  first  compression  of  the 
svim  bladder.  Thus,  the  surface  reflection  protects  these  larger  fish 
at  shallow  depths,  but  dqes  them  in  at  the  resonance  depth. 

Figure  1?  shows  the  regions  of  greater  than  10£,  5Q/f  and  90£  kill 
predicted  by  our  results  for  8.5"  White  Perch  for  70  lbs  pentolite 
at  30  ft  depth.  This  plot  gives  further  evidence  of  the  strong 
dependence  of  the  kill  probability  on  the  fished*  depth.  Also,  regions 
of  less  than  50)1  kill— since  they  encompass  a tremendous  volume  of 
water— make  a major  contribution, to  the  total  number  of  fish  killed  by 
an  underwater  explosion.  In  order  to  predict  the  total  fish-kill  it 
is  necessary  to  Bum-up  or  integrate  the  product  of  kill  probability 
and  fish  density  (number  of  fish  per  unit  volume)  over  the  region 
surrounding  the  explosion. 

In  summary,  the  kill  probability  is  determined  by  the  dynamical  1 
oscillations  of  the  fishes'  swim  bladder.  This  dynamical  response  can 
be  calculated  from  the  underwater  explosion  pressure-t.lme  faction. 
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FIG.  10  LEVEL  3 INJURIES  VS.  BLADDER  OSCILLATION  PARAMETER. 


FIG.  11  LEVEL  3 INJURIES  VS.  BLADDER  OSCILLATION  PARAMETER. 
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The  Ability  of  some  Chesapeake  Bay  Fishes 
to  Compensate  for  Changes  in  Pressure 

Martin  L.  Wiley  and  Greig  B.  Peters 
Chesapeake  Biological  Laboratory,  Solomons,  Maryland 

Experiments  on  white  perch  (Morone  americana)  and  spot  (Lelostomuo 
xanthurus ) were  conducted  in  a pressure  chamber  to  determine  the  rates 
at  which  the  fish  could  equilibrate  to  changes  in  hydrostatic  pressure  by 
secretion  into  or  resorption  of  gas  from  the  swimbladder . The  equilibration 
rate  of  white  perch  In  response  to  increases  In  pressure,  rises  with  in- 
creasing temperature,  but  equilibration  to  reductions  in  pressure  is  less 
dependent  0*1  temperature.  Spot  of  all  sixes  equilibrate  to  increasing 
pressure  at  the  seme  rate,  up  to  the  equivalent  of  11  meters  depth.  At 
greater  pressure,  the  largest  spot  equilibrate  at  a greater  rate  than 
smaller  fish. 

In  both  species,  the  rate  of  equilibration  falls  as  the  depth  (pres- 
sure) increases,  but  the  resorption  rates  in  both  are  independent  of  depth 
(Fig.  1).  For  example,  at  18°C,  white  perch  can  equilibrate  to  a descent 
(secretion  of  gas)  of  3.6  meters  in  24  hours,  and  resorb  the  amount  of  gas 
g^arated  in  that  tine  in  3.5  hours.  Spot  can  equilibrate  to  a descent 
(secretion  of  gas)  of  11.2  meters  in  24  hours  and  resorb  the  amount  of  gas 
generated  in  that  time  In  1 hour. 

White  perch  maintain  n,esr  near-heutral  buoyancy  but  quickly  lose  their 
balance  as  tha  pressure  is  increased  to  the  equivalent  of  8 meters  depth, 
soon  become  exhausted  by  the  struggle  to  remain  upright,  and  apparently 
cease  to  secrets. gas  into  the  swlmblsd4er«  Spot,  in  contrast,  respond  to 
pressure  increases  of  up  to  3 atmospheres  (■  30  meters  depth)  by  slightly 
increasing  th«  rata  of  pectoral  fin  beat  but  chow  no  signs  of  stress. 
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Observations  on  fish  caught  at  various  depths  by  trawl  revealed  that 
savaral  estuarine  species  were  generally  negatively  buoyant  and  quite  vari- 
able in  the  depth  to  which  they  were  acclimated  (Table  1,  Pigs.  2,  3). 
Benthic  species  were  the  most  negatively  buoyant,  but  they  exhibited  less 
interspecific  variation  than  the  species  that  remain  above  the  bottom. 

The  activity  of  fish  can  have  a great  Influence  on  the  buoyancy  they  main- 
tain. White  perch  were  the  least  active  during  winter  end  were  more  neu- 
trally buoyant  then  then  in  spring  or  summer.  The  swlmbladder  damage 
exhibited  by  trawled  fish  was  dependent  on  both  the  buoyancy  that  thi  fish 

t \ 

maintained  before  capture  and  the  tolerance  of  the  swlmbladder  to  excessive 
internal  pressures  (Figs.  4,  5).  Both  of  these  conditions  appear  to  be 
species  specific.  The  species  sampled  are  not  expected  to  suffer  swim- 
bladder  damage  when  collected  from  depths  of  9 meters  or  less.  Frequency 
of  damage  to  fish  caught  at  greater  depths  is  dependent  on  the  species  and 
the  depth  at  which  individuals  had  recently  been  acclimated. 

Table  1.  Species  of  fish  for  which  buoyancy,  waa  determined.  - means  that 
the  species  was  always  negatively  buoyant,  * indicates  that  the  species  was 
usually  neutrally  buoyant,  and  ? denotes  species  for  which  insufficient  data 
were  obtained  to  be  sure  how  to  ceracterise  them. 


Buoyancy 

Spot,  jateftSgaai  xanthurus 

Atlantic  croaker.  Microooeon  undulatus 

ttaakfiah,  S?F\?ICV?P  refill 

Striped  kllllflsh.  Fundulus  malalis 

Oyster  toedfish,  Qymyf  laji 

White  cetfleh,  S££il 

Brown  bullhead,  JfiUJjjHjjji  aitalftmt 
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Table  1 'Cont'd.) 

Species  Buoyancy 

Atlantic  silverside,  Men id la  men id la 
Blue fish,  Fomatomua  saltatrlx 
Bay  anchovy,  Anchoa  mltchllll 
Spotted  hake,  Urophvcis  realus 
Black  aea  baas,  Centrooriatia  striata 
Plnfiah,  Lagodon  rhomboldea 


Sliver  perch,  Balrdlalla  chryaura  -? 

Atlantic. menhaden,  Brevoortla  tvrannua  + 

Blueback  herring,  Aloaa  aestivalis  + 

\ 

White  perch,  Morone  amarlcana  + 

Mummichog , Fundulua  heteroclltua  + 

Sheepahoad  minnow,  Cvortnodon  variegatus  + 

Red  hake,  Urophycja  chuas  +? 
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llg.  1.  Predicted  compensation  curves  for  white  perch  end  spot  weighing 
82  g «t  en  acclimation  temperature  of  18°C.  both  ascent  end  descent  curves 
ere  shown.  Zero  oolncldes  to  the  surface  for  the  descent  curve,  but  because 
equilibration  to  negative  pressure  Is  Independent  of  depth,  the  ascent  curve 
nay  be  interpreted  as  distance  fro*  any  Initial  depth. 
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Fig.  3.  Equilibrium  pressure  of  several  fish  species  as  a function  of  the  pressure 
at  depth  of  collection.  Each  point  represents  a group  mean,  r = 0.992  for  the  silver 
perch  regression  line. 
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Aba tract 

Tha  teat  firing  of  explosive  charges  can  apply  a particular  atrain  to  people 
liTinc  oloae  to  a munition  research  facility  because  of  the  noise  of  explosions 
ml  their  unexpected  and  transient  oharaoter.  Recent  investigations  have  shown 
that  substantial  reductions  in  both  noise  and  blast  can  be  achieved  by  using  high 
expansion  aqueous  foam  as  an  explosion  muffler. 

This  paper  describes  experiments  aimed  at  comparing  external  noiae  la  vale  whan 
foam  waa  used  to  muffle  explosions  in  two  RARDB  firing  ohambers  with  normal  levels. 
Sound  level  measurements  were  made  on  the  &B(a)  scale  to  give  as  oloaa  an  approxi- 
mation to  the  response  of  the  human  oar  es  possible.  The  foam,  with  an  expansion 
ratio  of  shout  300;  1,  wss  produosd  by  s Turtsx  generator  supplied  by  Angus  Fire 
Armour  Ltd.  To  provide  base  line  data,  spherical  explosive  oharges  weighing 
between  0.02Kg  end  0,34Kg  vers  detonated  in  the  centre  of  e aoh  chamber.  A second 
series  of  firings  were  than  aarried  out  with  explosive  charges  covered  to  a depth 
of  2.5  metres  with  high  expansion  aqueous  foam.  In  ths  smaller  chamber  charge 
weights  ranged  from  O.OSXg  to  0.5Kg  and  in  the  larger  from  O.OSKg  to  2.5Xg.  In 
both  oases  60  nr  of  foam  was  rcquirsd  to  fill  the  chamber  to  s depth  of  2.5  metres 
and  this  wss  gsnsrmtsd  in  30  ssconds.  Every  charge  fired,  irrespective  of  weight 
collapsed  the  foam  entirely,  leaving  only  s small  amount  of  foam  and  puddles  of 
water.  The  additional  time  required  whan  using  foam  over  that  normally  taken  to 
set  up  ‘"'i  detonate  the  charge  was  5 ainutes.  In  the  event  of  a misfire  it  wes 
demonstrated  that  60  t?  of  foam  would  be  collapsed  in  10  minutes  using  10  litres 
of  9J<  aqueous  solution  of  an  anti -foam  agent  dispensed  from  a knapeack-mountod 
garden  ep ray. 

Impulsive  noise  levels  measured  with  the  monitoring  equipment  were  plotted  for 
chargee  detonated  in  sir  sad  under  foam.  Comparison  of  the  curves  showed  that 
firing  the  charges  under  2.5  metres  of  foam  reduced  noise  levels  by  at  least  20 
dB(A)  ewer  ths  full  rang*  of  charge  weights  sxasinsd*  This  represents  an  approxi- 
mate 10-fold  reduction  in  sound  pressure. 

Ths  cost  of  the  foam  generating  equipment  used  in  these  trials  wss  £500  and  the 
eoet  of  the  foam  compound  was  about  £2  for  each  firing.  Provided  a commercially 
produced  fire-fighting  compound  it  used  there  should  be  no  health  hasard  and  in  the 
UK  a Home  Office  specification  precludes  the  use  ef  a material  which  is  not 
completely  biodegradable. 
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SSUMKL 

Substantial  sola*  rsduotloa  fron  axploslva  chexfaa  flr*4  la  boab  ohaabar  taat 
fact lit! as  has  base  aohiarad  by  ooTariae  tha  ohaifas  with  hi eh  expansion  aqueous 
foam  produced  bp  a oosasroially  arailable  fira-fi*htinf  (aasvato: r.  Tha  capital 
ooat  and  running  expenses  of  the  equipnant  ooatrlbuta  Uttla  to  tha  expense  of 
firii  t*  Tha  10  to  20  fold  reduotloa  of  aoiaa  level  ia  aohiavad  at  tha  ooat  of 
a fan  alnutaa  extra  tins  shlla  tha  foaa  is  saplaoed,  without  any  haalth  hasard 
and  with  littla  daaar*  to  tha  enslronaent,  In  tha  arsnt  of  a alaflra  tha  foaa 
asp  ba  rsaoTsd  safalp  and  swiftly  with  tha  aid  of  a ooasarelall^'  aval  labia  spray. 
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1.  INTRODUCTION 

Inorsasing  emphasis  is  being  placed  on  the  reduotion  of  *noiee  pollution*  in  the 
environment,  Soisc  in  this  contort  can  be  dafinad  as  unwanted  sound,  but  tha  degree 
of  *untfantad»aas*  is,  however,  s ooaplex  relationship  between  tha  naka  up  of  tha 
sound  and  its  psycho logical  and  physiological  affects.  These  affaots  nay  range  from 
moderate  annoyance  to  impairment  of  hearing  from  sustained  exposure  to  high  noise 
levels , Environmental  quietness  ie  not  only  desirable  solely  from  the  annoyance  and 
health  viewpoint,  but  also  from  an  eoonomio  stand-point.  In  general,  people  do  not 
like  to  live  in  the  immediate  rieinity  of  an  airport,  or  olose  to  roada  with  heavy 
traffic  end  thia  can  be  reflected  in  the  value  of  adjacent  property. 

The  teat  firing  of  explosive  charges  can  also  apply  a particular  strain  to  people 
living  oloae  to  a munition  research  facility  beoause  of  the  noise  of  explosione 
and  their  unexpected  and  transient  character,  further,  the  damage  to  property  which 
m«y  be  oaused  by  overpressure  effects  is  s constant  worry. 

Public  opinion  has  in  genaral  lad  to  this  Establishment  reducing'  the  weight  of 
explosive  ehsrgea  fired  in  bomb  chambers.  For  instance,  in  Woolwich  a chamber 
oapsble  of  withstanding  the  detonation  of  3.5  Kg  charges  is  ourrsntly  only  ussd  for 
0.3  Kg  charges,  Resort  has  been  made  to  firing  larger  ohargee  in  remote  areas  which 
is  not  cost  effective, 

Recently  e considerable  amount  of  woilc  has  bean  dons  in  evaluating  high  sxpansion 
aqueous  foam  as  sn  sxplosion  muffler.  Substantial  reductions  in  both  blast  and 
noise  levels  have  barn  observed.  This  paper  describes  soma  experiment*  which  were 
aimed  at  comparing  the  noise  levels  obtained  when  foam  was  used  to  muffle  explosions 
in  two  RAMiE  bomb  ohambsrs  with  ths  levels  without  foam, 

2.  wmus. mmjmmmi 

Ths  quantity  normally  measured  when  dealing  with  aooustio  noise  is  the  Root  Mean 
Square  Sound  Pressure,  The  average  adult  human  ear  oan  detect  sounds  corresponding 
to  s lower  threshold  pressure  of  2 x 10“*  pbar  (2  x 10“ 5 Nor2)  at  a frequency  of 
IOOOHg,  At  pressures  in  excess  of  about  1000  jjbar  (iQCNar2)  perception  is 
aooompanisd  by  physical  pain  and  severe  physiological  damage  oan  result  from  pro- 
longed exposure  to  sound  intensities  of  this  ordur.  As  sound  power  is  related  to 
the  square  of  ths  sound  pressure,  and  the  hearing  mechanism  responds  to  changes  in 
sound  power  iu  a relative  rather  than  an  absolute  wanner,  a convenient  scale  for 
sound  measurement  is  the  deoibel  (db)  scale,  defined  as 

Sound  level  (db)  - 10  log  (jg-j)  - 20  log  jg 

(pi  / Pi 

where  p is  the  eound  pressure  being  measured  and  pi  the  reference  sound  pressure 
(normally  taken  to  be  2 x 10“*  ubar).  Table  1 shows  the  relationship  between  sound 
pressure,  sound  level  and  commonly  encountered  environmental  noise  conditions, 

3.  ism  Si ami 

While  it  is  possible  to  define  absolutely  the  oonoept  of  loudness  of  s sound,  ths 
notion  of  anaoyanoe  is  more  diffioult  to  specify , Psyehoscoustloal  experiments 
however,  suggest  that  a noise  besofces  more  annoying  as  its  intensity  increases  and 
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that  high  frequency  noiao  ia  more  disturbing  than  that  of  low  frequency,  Thuo,  a 
■•ter  to  measure  noise  as  opposed  to  sound  must  take  aooount  of  both  the  loudnsss 
and  tins  frequency  range  of  the  noise.  This  is  done  most  simply  by  using  the 
internationally  accepted  frequency  weighting  networks}  designated  A,  B or  C,  in  the 
noise  measuring  instrument.  These  frequency  weighting  networks  ensure  that  the 
sound  level  meter  is  sore  affected  by  oertain  designated  frequency  ranges,  and  it  is 
gensrally  accepted  that  frequency  network  A gives  s fair  approximation  to  the 
response  of  the  human  ear.  Measurements  of  sound  pressure  levels  determined  using 
frequency  weighting  network  A are  designated  dfi(x). 

a.  Msemmm 


Two  different  firing  chambers  wsre  used.  The  small  chamber,  whose  ground  plan  and 
isnediate  surroundings  are  shown  in  Fig.l,  Is  bvllt  from  reinforced  concrete  and  Is 
totally  enclosed  sxoept  for  an  aperture  2 metrar  wide  and  2.2  metres  high  at  one  end. 
The  blast  from  an  explosive  firing  vents  through  this  aperture  and  is  deflected  by 
a wall.  The  explosive  limit  is  0,34  Kg  (0.75  lb). 

The  large  chamber  (fig, 2)  is  built  of  reinforced  concrete  with  the  upper  portion 
formed  from  overlapping  aii>spsaed  girders.  This  chamber  was  built  for  an  explosive 
limit  of  3.62  Kg  (8  lbs)  but  in  recant  years  this  has  bean  reduced  to  0.34  Kg 
(0.75  lb)  because  of  complaints  from  a neighbouring  industrial  estate. 

Tbs  positions  of  the  noise  measuring  mi oro phone  relative  to  the  test  ohambers  axe 
shown  by  an  X in  flgs.1  and  2, 
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Spherical  plastic  explosive  (PE4)  charges  weighing  between  0.02  Kg  and  0,34  Kg  were 
detonated  in  the  oentre  of  each  chamber.  In  the  small  ohamber  (lig.l)  the  ohargee 
were  placed  on  a steel  piste  on  the  floor  while  oharges  fired  in  the  large  ohamber 
(fig. 2)  were  de»ooupled  0.23  m from  the  floor  by  suspending  them  from  the  roof. 

The  noise  generated  was,  in  saoh  osse,  msaaured  by  a Brutl  A KJaer  Impulse  Sound 
Level  meter,  Type  2607  using  s 25.4  am  oondtnser  microphone  set  to  record  the 
msxi,«us  traneient  impulsive  sound  levsl  with  the  'A'  frequency  weighting  network. 


A second  series  of  firings  were  carried  out  with  the  explosive  oharges  oovtrsd  to 
a depth  of  2,5  metres  with  high  expansion  aqueous  foam.  In  the  small  ohamber  oharge 
weights  ranged  froa  0.03  Kg  to  0.3  Kg,  in  the  larger  one  between  0,03  Kg  and  2.3  Kg* 

The  foam  was  produced  froa  a Turbex  generator  suppllod  by  Angus  Fire  Armour  Ltd. 
and  was  found  to  have  an  expansion  ratio  of  around  500} 1 . Bach  ohamber  was  filled 
to  the  required  depth  by  sealing  the  entrance  with  polythene  sheeting  leaving  a 
one  metre  gap  at  the  bottom.  Thin  gap  enabled  a 1,2  metre  diameter  polythene 
ducting  froa  the  generator  to  be  introduced  diagonally  through  the  entrance  to  tho 
ohamber  (fig. 3).  As  soon  aa  the  foam  was  generated  the  ducting  inflated,  sealing 
against  the  polythene  sheeting  and  preventing  the  eaoape  of  foam  under  the  plastic 
(Hg.3).  In  both  oaes*  about  60s3  of  tom  was  required  to  fill  the  ohamber  to  a 
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depth  of  2-J-  metres  and  this  was  generated  in  about  30  seconde.  The  additional  time 
required  using  foaa  over  that  normally  taken  to  set  up  and  detonate  the  charge  was 
about  5 minutes. 

Every  charge  fired,  irrespective  of  weight,  collapsed  the  foaa  entirely,  leaving 
little  foaa  and  puddles  of  water.  Very  little  water  and  no  foaa  remained  on  the 
chamber  walls  and  ceiling. 

High  expansion  foaa  has  a sufficiently  high  ei.otrisal  resistance  to  be  oonsidered 
non-conducting  and  there  was  no  indicati,.-  of  the  foaa  shorting  out  the  electrical 
firing  systems  used  in  the  trials. 

In  the  event  of  a misfire  it  would  bo  necessary  to  clear  the  foaa  from  the  vicinity 
of  the  oharge.  It  has  boon  demonstrated  that  6Qtr  of  foam  oan  be  collapsed  in 
under  10  minutes  using  10  litres  of  a 5#  aqueous  solution  of  an  antifoaa  agent  such 
as  Nalfioc  N71D5  dispensed  from  a knapsack -mounted  garden  mpray. 

5.  KK31U/TS 

Impulsive  noise  lovels  were  measured  with  the  monitoring  equipment  at  the  points 
narked  X in  Figs „1  and  2 for  oharges  detonated  in  air  and  under  foam.  The  data  are 
plotted  in  Figs. 4 and  3.  Comparison  of  tho  2 ourves  in  Fig. 4 shows  that  firing 
charges  under  2.5  metres  of  foaa  reduced  noise  lovels  by  at  least  20  dfi  over  the 
full  range  of  oharge  weights  examined*  Fig. 5 shows  a similar  reduction  for  the 
larger  chamber  using  2.5  m of  foaa. 

A clear  pioture  of  the  reduotion  in  sound  pressure  achieved  oan  be  seen  in  Figs.6 
and  7,  where  this  parameter  has  been  plotted  for  varying  oharge  weights  with  and 
without  foam.  In  both  oasee,  the  sound  pressure  increased  much  more  slowly  with 
oharge  weight  when  the  charge  is  covered  with  foaa.  It.  ia  particularly  intereating 
to  compare  the  sound  pressure  from  500  gas  of  explosive  detonated  under  foaa  with 
that  froa  25  gas  of  explosive  detonated  In  the  open  air  in  the  smaller  chamber.  The 
oharge  overlaid  with  foam  given  a sound  pressure  only  l/f»tta  of  that  from  the  unauffled 
oharge  even  though  the  oharge  weigh!;  involved  is  20  time*  higher. 

6.  ois evasion 

These  results  clearly  indicate  that  foaa  oan  be  used  to  reduce  the  noise  level  froa 
the  explosive  oharge  weights  normal ' y used  in  the  RJUtDE  bomb  chambers.  Moreover, 
the  option  Is  available  to  i norear'  the  explosivo  onarge  weight  that  might  bo  fired 
in  any  test  facility  without  exceeding  an  agreed  acceptable  noise  level.  Without 
decoupling  the  oharge  froa  the  foam  muffler  this  technique  would  not,  of  oourse,  be 
suitable  for  experiments  involving  high  speed  photography. 

The  additional  time  required  to  generate  enough  foam  to  carry  out  trials  muffled  in 
this  way  is  hardly  significant.  The  bomb  chamber  was  filled  in  less  thin  30  seoonds. 
In  aost  onaos,  the  preparations  required  to  prevent  the  foam  froa  flowing  out  of  the 
entrance  of  the  ohaabor  will  cause  the  major  increase  tn  time.  This  will  vary  with 
the  design  of  tho  chamber  but  the  polythene  sheeting  ia  largely  undamaged  by  the  tom 
muffled  explosion  and  if  necessary  could  be  replaced  in  2 or  3 minutes.  The  total 
additional  preparation  Use  for  the  firings  with  foaw  detailed  in  this  memorandum 
averagod  5 to  10  minutea.  Moot  of  tho  foaa  disappeared  during  the  firing  and  very 
little  was  left  to  interfere  with  later  firings. 
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The  oont  of  fowa  generating  equipment  varies  according  to  Its  node  of  operation  and 
the  rate  of  foam  produotlon.  The  Angus  £Lre  Armour  Turbex  generator  could  be 
installed  as  a fixture;  it  ia,,  powered  solely  by  water  pressure.  A single  foaa 
generator  produces  about  200aVain  of  foaa  using  approxiaately  300  litreo/ain  of 
water  and  5 li trea/ain  of  foas  oompound.  The  generator  costs  £500  and  the  foam 
compound  used  about  £2.00  for  5 litres* 

The  aost  inconvenient  characteristic  from  the  operators  standpoint  is  the  faot  that 
ths  wst  conditions  can  lead  to  inconvenience  but  even  this  can  bo  miniaisod  by 
suitable  do  thing* 

There  should  be  no  health  hasard  provided  a coamroially  produced  fire-fighting 
ooapound  is  used  whioh  meets  Hoas  Office  lire  Departments'  specification  JCDD/28. 

In  foot*  in  addition  to  nolss  and  blast  reduction*  the  foaa  aeeaed  to  reduoe  the 
level  of  fuaea  from  the  detonation  of  the  charges.  After  an  explosion  aost  of  ths 
solids  comprising  the  smoke  froa  the  charge,  eg  oarbon*  were  trapped  in  the  water 
layer  under  the  low  expansion  foaa  left  on  the  chamber  floor. 

The  Hone  Offioe  specification  also  precludes  ths  use  of  any  material  in  British 
foaa  compounds  other  than  those  whioh  are  completely  biodegradeable.  The  diluted 
foaa  ooapound  oan,  therefore*  be  adequately  broken  down  in  a aoraal  sewage  treatment 
works  and  doss  not  present  a pollution  problem. 

7.  ommmm  q?  jqam  tor  wpiss  m bust  mm M 

Muffling  an  explosion  by  asana  of  aqueous  foam  seems  to  have  little  or  no  effeot  on 
the  performance  of  a charge  in  eontaot  with  a target.  This  suggests  that  foaa 
auffling  may  have  wider  applications.  Many  acre  of  the  techniques  for  using 
explosives  for  outtlng*  boring  and  welding  eto  could  be  used  closer  to  public  plaoes 
if  their  noise  and  extraneous  blast  elf sets  could  be  reduced.  However*  it  is 
important  to  reaenber  that  foaa  has  no  effeot  on  decreasing  ths  velocity  of  fragments 
froa  an  explosion. 

a.  coKcmaioMs 

High  expansion  aqueous  foaa  produced  by  ooaasroially  available  fire-fighting  gene- 
rators has  been  shown  to  reduce  the  noise  levels  froa  explosive  chargee  fired  in 
bomb  chamber  teat  facilities  by  20  dB  over  a range  of  charge  weights  up  to  2.5  Kg. 
This  represents  an  approximate  10-fold  reduotlon  in  sound  pressure.  The  initial 
capital  cost  of  equipment  is  about  £500,  but  the  additional  cost  for  each  foaa 
covered  firing  froa  expendabl*  i teas  is  only  about  £2.  After  ths  firing  aost  of  the 
foaa  is  evaporated  apart  froa  a thin  layer  of  low  expansion  foaa  on  ths  floor  of  the 
facility. 


102 


SOUND  PRESSURE  SQUNDLEVEl  ENVIRONMENTAL  CONDITIONS 

IN  bar  in  d B 


NSWC/WOL/TR  77-  3f> 


TABLE  i THE  RELATIONSHIP  BETWEEN  SOUND  PRESSURE 
DECIBELS  AND  SOME  COMMONLY  ENCOUNTERED 
ENVIRONMENTAL  NOISE  CONDITIONS. 
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FIG.  1 PLAN  OF  SMALL  FIRING  CHAMBER  AND  MICROPHONE 
POSITION  FOR  SOUND  LEVEL  MEASUREMENTS 
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MICROPHONE  HEI6HT  ABOVE 
FLOOR  OF  CHAMBER  - I metre 


PIG.  2 PUN  OF  URGE  CHAMBER  AND  MICROPHONE  POSITION 
FOR  SOUND  LEVEL  MEASUREMENTS 
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SOUND  PRESSURE  LEVEL  — d f (A) 
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CURVE  Ca)  WITHOUT  FOAM 


WEIGHT  OF  EXPLOSIVE  P E 4 Ckg) 


FIG.  4 PLOT  OF  SOUND  PRESSURE  LEVEL  AGAINST 
CHARGE  WEIGHT  FOR  SMALL  CHAMBER 
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SOUND  PRESSURE  (jibar) 
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CURVE  (a)  WITHOUT  FOAM 
CURVE  (b)  UNDER  FOAM 


FIG.0 


PLOT  OF  SOUND  PRESSURE  AGAINST 
CHARGE  WEIGHT  FOR  SMALL  CHAMRER 
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CURVF  («)  WITHOUT  FOAM 
CURVE  (10  UNDER  FOAM 


(a) 


WEIGHT  OF  EXPLOSIVE  PE  4 (kg) 


FIQ.  7 PLOT  OF  SOUND  PRESSURE  AGAINST 

CHARGE  WEIGHT  FOR  LARGE  CHAMBER 
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NOISE  ABATEMENT  FOR  DEMOLITION  OPERATIONS 
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ABSTRACT 


Project  Description:  Detonation  of  explosives  Is  performed  under 
the  auspices  of  LEAD'*  demilitarl cation  mission.  Under  established 
procedures  explosives  are  placed  at  ground  level  and  covered  vlth  a 
five  foot  mound  of  loose  earth.  Shock  waves  propagating  from  a 25 
pound  explosive  charge  detonated  in  this  manner  are  sufficient  in 
magnitude  to  create  a nuisance  noiBe  in  surrounding  comuni  ties . 
Utilisation  of  an  earth  auger  to  bore  holes,  up  to  12  feet  deep,  permits 
the  detonation  of  individual  charges  up  to  380  pounds  with  no  undesirable 
effects  on  the  environment.  This  method  of  operation  provides  for  a 
productivity  increase  in  excess  of  600$,  eliminated  95%  of  cleanup 
efforts  after  detonation,  and  shows  an  estimated  annual  net  savings  of 
$1,^2,338.02. 

lbs  procedure  has  been  approved  for  demilitarisation  operations  by 
the  Joint  Conventional  Ammunition  Program,  Demil  and  Disposal  Task  Group, 
the  US  Army  Materiel  and  Readiness  Command  Safety  Office,  and  the 
Department  of  Defense  Explosive*  Safety  Board. 
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| ' ENVIRONMENTAL  ASSESSMENT  OP  EXPLOSIVE  DEMOLITION  DISPOSAL 

OPERATIONS  AT  FORT  PICKETT , VIRGINIA 

By 

M.  M.  Swisdak,  Jr. 
and 

G.  A.  Young 

In  early  1974,  the  Naval  Weapons  Station,  Yorktown,  Virginia, 
asked  the  Naval  Surface  Weapons  Center,  White  Oak  Laboratory, 
to  conduct  a study  of  the  environmental  effects  produced  by  the 
explosive  demolition  of  unserviceable  munitions  at  the  then  Camp 
Pickett,  Virginia.  This  talk  presents  the  results  of  that  study. 

During  the  period  from  1961  to  1969,  NWS,  Yorktown,  occasionally 
used  the  impact  area  facilities  at  Camp  Pickett  for  the  disposal 
of  Naval  munitions.  From  1970  to  1972,  there  was  a gradual  increase 
in  the  disposal  operations,  with  the  following  weights  detonated: 

1970  - 68  metric  tons,  1971  - 372  tons,  and  1972  - 803  tons.  During 
the  period  from  8 January  to  31  March  1973,  munitions  with  a 
shipping  weight  of  2700  tons,  including  1630  tons  previously 
prepared  for  deep  sea  disposal,  were  disposed  of  by  detonation 
at  Camp  Pickett  by  NWS  personnel.  Disposal  operations  were 
discontinued  in  April  1973. 

On  30  January  1974,  it  was  determined  that  2.25  million 
kilograms  (shipping  weight)  of  unserviceable  ammunition  was  await- 
ing disposal  at  Yorktown.  This  included  401,087  kg  of  explosive. 

The  rate  of  accumulation  at  NWS,  Yorktown.  was  estimated  to  be 
91,000  kilograms  shipping  weight  per  month. 

Current  items  on  hand  at  NWS  requiring  disposal  by  detonation 
or  burning  include  small  arms,  bombs  and  warheads,  boosters,  mine 
cases,  grenades,  depth  charges,  propelling  charges,  fuzes  and 
primers,  gun  cartridges,  projectiles,  cartridge  actuated  devices, 
igniters,  exploders,  fittings,  rockets,  rocket  motors,  signals, 
flares,  pyrotechnics,  and  demolition  material. 

Fort  Pickett  is  located  in  southern  Virginia,  approximately 
70  kilometers  southwest  of  Richmond. 

The  mission  of  Fort  Pickett  is  to  provide  training  in  armor 
and  artillery  for  reserve  components  and  active  forces  of  the 
armed  services.  The  total  land  area  is  about  18,200  hectares. 

Of  this,  about  7,300  hectares  are  used  as  tank  and  artillery 
firing  ranges  during  training  exercises,  the  disposal  site  is 
in  impact  Area  3,  which  is  about  1400  hectares  in  size.  Although 
the  boundaries  cannot  be  precisely  defined,  the  area  of  tbe  land 
used  previously  for  disposal  is  about  8 hectares. 

As  an  integral  part  of  this  assessment,  alternative  methods 
to  the  proposed  action  of  explosive  demolition  at  frort  Pickett 
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were  also  evaluated.  These  included:  (1)  open  burning,  (2) 
incineration,  (3)  washout — water  or  steam,  (4)  detonation  at 
NWS,  Yorktown,  (5)  detonation  at  locations  other  than  Port  Pickett, 
and  (6)  deep  water  dumping.  The  problems  associated  with  each 
of  these  methods  are  discussed  below. 

(1)  Open  Burning 

Most  of  the  items  requiring  disposal  can  be  burned  in  the  open. 
However,  open  burning  produces  gases  such  as  carbon  monoxide, 
oxides  of  nitrogen,  and  other  pollutants,  some  of  which  are 
possibly  unknown.  Because  of  state  and  federal  laws,  this 
method  has  been  greatly  reduced  in  recent  years,  and  it  can  be 
used  to  handle  only  small  quantities  of  munitions.  It  will  most 
likely  be  phased  out  when  other  methods  become  operational. 

(2)  Incineration 

Controlled  incineration  is  confined  to  small  arms,  primers, 
detonators,  fuses,  illuminating  signals,  and  other  small  items. 

The  potential  products  of  combustion  and  reaction  of  these  include 
nitrogen  oxides,  sulfur  oxides,  phosgene  gas,  ozonfe,  lead  vapor, 
cadmium  vapor,  mercury  vapor,  ammonia,  hydrochloric  acid,  sulfuric 
acid,  hydrogen  sulfide,  carbon  monoxide  and  particles  containing 
magnesium,  aluminum,  lead,  copper,  phosphates,  potassium,  barium, 
strontium  and  antimony.  It  is,  therefore,  essential  that  scrubbers 
and  precipitators  be  developed  to  remove  the  effluent  gases  and 
particulate  matter.  Some  devices  have  been  tested,  but  evaluation 
is  continuing  and  the  system  is  not  yet  operational  with  the 
pollution  control  equipment  installed.  In  any  case,  it  could 
not  handle  the  backlog  of  large  items  of  unserviceable  ordnance. 

Incineration  at  sea  on  a specially  designed  ship  is  also 
feasible,  but  no  such  ships  have  been  built  as  yet  for  munition 
disposal. 

(3)  Washout  - Water  or  Steam 

The  explosives  in  mines  and  projectiles  can  sometimes  be 
removed  by  the  use  of  hot  water  or  steam  jets.  After  washout, 
the  material  can  be  sold  or  reworked  for  uae  in  new  Navy  weapons. 

A pilot  production  plant  is  being  built  at  Yorktown  to  establish 
criteria  for  proposed  production  plants.  However,  many  of  the 
items  in  the  NWS,  Yorktown,  inventory  are  unsafe  for  washout 
in  the  pilot  plant  or  are  in  small  quantities  which  cannot  be 
handled  on  an  economic  basis. 

(4)  Detonation  at  NWS,  Yorktown 

Some  disposal  of  munitions  takes  place  at  NWS,  Yorktown, 
at  the  present  time.  However,  only  22  Kg  of  explosive  can  be 
detonated  at  one  time  in  the  existing  demolition  pit.  A new 
disposal  area,  that  will  hava  45  detonating  holes,  has  been 
proposed.  This  will  have  an  allowable  limit  Of  70  Kg  per  hole. 
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If  this  is  completed  during  F¥  1976,  it  will  help  to  dispose 
of  incoming  ordnance.  However,  it  will  not  be  ready  in  time 
to  handle  the  existing  backlog. 

(5)  Detonation  at  Locations  other  than  Fort  Pickett 

Other  locations  for  possible  detonation  of  unserviceable 
munitions  include  the  Naval  Ammunition  Depots  at  Crane,  Indiana, 
and  Hawthorne,  Nevada.  However,  shipment  to  Camp  Pickett  is 
by  truck  and  is  relatively  inexpensive.  Shipment  to  Crane  or 
Hawthorne  would  require  careful  loading  in  freight  cars  and  would 
cost  more  for  shipping  and  would  involve  additional  handling 
costs.  A cost  analysis  prepared  at  NWS,  Yorktown,  in  January 
1974  shows  an  estimated  saving  of  $622, 505  by  using  Camp  Pickett 
instead  of  Crane. 

(6)  Deep  Water  Dumping 

The  deep  water  dump  procedure  involves  the  loading  of 
unserviceable  and  obsolete  munitions  on  a surplus  cargo  ship, 
which  is  then  towed  to  a deep  ocean  disposal  site  and  either 
scuttled  or  detonated.  The  latter  procedure  is  preferred  for 
safety  considerations  and  because  the  detonation  products  are 
less  hazardous  than  the  components  of  the  ordnance.  Deep  water 
disposal  was  halted  in  1970  and  is  against  current  policy.  Never- 
theless, it  has  been  shown  that  the  past  Deep  Water  Dumps  did 
not  have  any  permanent,  irreversible  effects  on  the  environment, 
and  it  is  conceivable  that  thi*?  method  could  be  reinstated. 

However,  it  would  require  possibly  two  years  to  follow  the  adminis- 
trative procedures  leading  to  the  acquisition  of  a permit  from 
the  EPA  and  to  then  prepare  a ship.  This  method  could  not  solve 
the  current,  problem  of  disposing  of  the  existing,  and  growing, 
backlog. 

The  items  which  were  given  the  largest  consideration  in 
this  study  weret  (1)  air  quality,  (2)  water  quality,  (3)  sound 
control,  and  (4)  land  use.  Each  of  these  will  be  discussed  in 
more  detail. 

(1)  Air  Quality 

The  effects  of  surface  and  buried  explosion*  on  the  quality 
of  the  sir  include  the  formation  of  a cloud  of  dust  and  the  ejec- 
tion of  explosion  products  to  the  air.  Metal  fragments  and  clods 
of  soil  may  also  be  blown  into  the  air,  but  this  is  considered 
to  affect  the  surrounding  land,  not  the  quality  of  the  air. 

The  magnitude  of  these  effects  depend  on  the  nature  of  the 
soil,  the  depth  of  burial,  and  the  weight  of  explosive. 

From  Svaileble  data,  it  ia  evident  that  burial  is  highly 
effective  in  reducing  the  ejected  dust. 
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When  a non-homogeneous  mixture  of  munitions  is  buried,  the 
ejection  of  explosion  products  is  less  than  from  a surface  burst. 
Solid  explosion  products  will  probably  be  retained  in  the  soil 
while  the  gases  will  doubtless  escape  rapidly,  unless  the  explo- 
sion is  at  camouflet  depth.  In  this  case,  the  gases  will  probably 
slowly  filter  to  the  surface. 

The  quantity  of  importance  is  the  concentration  reached 
in  air.  At  an  explosion  site,  the  atmospheric  concentrations 
for  shallow  underwater  explosions  of  TNT  possibly  reach  522  ppm 
for  carbon  monoxide,  42.5  ppm  for  ammonia,  and  5.30  ppm  for 
hydrogen  cyanide.  The  cloud  is  carried  downwind  and  is  rapidly 
diluted  by  atmospheric  turbulence.  Very  similar  effects  occur 
with  underground  explosions. 

For  example,  it  has  been  estimated  that  the  concentrations 
of  carbon  monoxide,  ammonia,  and  hydrogen  cyanide  are  reduced 
to  5r  ppm,  4 ppm,  and  0.5  ppm  respectively  at  a distance  of  550 
feet  iron  a 1000-lb  underwater  explosion.  The  threshold  limit 
values  iTLV)  for  these  gases  are  50  ppm  for  carbon  monoxide, 

50  ppm  for  ammonia,  and  10  ppm  for  hydrogen  cyanide.  As  the 
TLV  is  a condition  to  which  industrial  workers  may  be  exposed 
daily  during  an  8-hour  day,  40-hour  week,  without  adverse  effect, 
no  hazard  can  be  anticipated  from  the  explosion  gases  from 
explosives  weighing  450  kg  or  less. 

For  safety,  the  disposal  team  would  remain  at  greater  distances. 
Zn  addition,  the  effect  is  transient,  not  continuous.  As  the 
distance  from  the  disposal  site  in  area  3 to  the  nearest  point 
on  the  boundary  of  the  military  reservation  is  3.6  kilometers, 
no  effect  on  air  quality  would  be  visible  or  detectable  to  the 
public. 

(2)  Water  Quality 

To  document  the  effect  of  explosive  demolition  operations 
in  Impact  Area  3 of  Fort  Pickett  on  the  quality  of  water  in  the 
surrounding  area,  water  and  soil  samples  were  collected  from 
nearby  streams,  water  standing  in  craterB,  and  in  nearby  lakes. 

These  samples  were  collected  after  a series  of  controlled  firings 
(to  be  discussed  later)  had  been  completed.  These  samplee  were 
analyzed  for  TNT,  lead,  and  mercury.  The  latter  are  the  metals 
of  major  concern,  as  the  more  common  ordnance  metals  are  not 
considered  to  be  hazardous.  For  example,  concentrations  of  iron 
up  to  0.3  ppm  and  concentrations  of  copper  up  to  0.2  ppm  are 
permissible  in  public  water  supply. 

The  results  of  these  analyses  are  presented  in  Figure  1. 

Twelve  water  samples  and  eight  soil  samples  were  collected 
at  Camp  Pickett  on  3-4  September  1974  and  were  analyzed  for  TNT 
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concentrations  at  the  Naval  Mina  Engineering  Facility,  Yorktown, 
Virginia.  The  water  samples  showed  less  than  0.1  ppm  except 
for  three  readings  of  0.1  ppm  in  samples  obtained  from  artillery 
and  demolition  holes  in  the  impact  area.  The  soil  samples  had 
less  than  0.01%  TNT  except  for  one  taken  in  a demolition  hole 
that  had  been  used  just  prior  to  the  time  of  sampling.  This 
sample  contained  0.6%  of  TNT. 

The  water  samples  are  the  most  important,  as  they  help  to 
show  if  dissolved  materials  are  getting  into  the  local  water 
supply.  However,  except  for  one  reading  of  0.1  ppm,  those  taken 
in  drainage  ditches  and  the  creek  show  levels  less  than  0.1  ppm, 
and  in  three  cases,  show  no  measurable  TNT. 

The  Army  Ammunition  Procurement  and  Supply  (APSA)  interim 
guideline  .tor  the  discharge  of  ordnance  compounds  from  ammunition 
plants  in  waste-water  is  0.5  ppm  for  TNT  and  other  nitrobodies. 

The  amount  of  TNT  entering  Birchin  Creek  i3  well  below  this  level. 

A total  of  24  water  samples  was  collected  to  be  analyzed 
for  lead  and  mercury.  The  first  12  were  taken  on  26  November 
1974  and  the  second  on  11  December  1974.  All  of  the  samples 
had  lead  concentrations  less  than  0.05  ppm.  In  the  case  of  mercury, 
the  highest  measured  concentration  was  0.0C8  ppm.  One  sample 
had  0.004  ppm,  while  two  showed  0.003  ppm,  17  had  0.002  ppm, 
two  had  0.001  ppm,  and  one  had  no  mercury,  giving  an  overall 
average  of  about  0.002  ppm. 

As  these  values  are  all  well  below  the  maximum  allowable 
limit,  of  0.05  ppm  for  both  lead  and  mercury  in  public  water  supply 
sources,  there  is  no  hazard  to  the  public  from  these  metals  that 
can  be  attributed  to  the  disposal  operations  in  area  3 at  Camp 
Pickett. 

(3)  Sound  Control 

It  was  felt  from  the  start  of  this  study  that  this  item,  sound 
control,  would  be  the  most  difficult  to  complete  satisfactorily. 
Discussions  with  the  residents  living  around  Fort  Pickett  and 
with  members  of  the  administrative  staff  at  the  base  indicated 
that  many  complaints  had  been  registered  during  previous  disposal 
operations.  The  majority  of  the  complaints  came  from  the  vicinity 
of  the  town  of  Rawlings,  located  about  11  kilometers  from  the 
firing  site.  Additional  complaints  were  said  to  have  been  received 
from  the  towns  of  Alberta,  McKenney,  Victoria,  and  Burkeville. 
(Figure  2) 

A preliminary  aerial  survey  conducted  in  May  indicated  that 
the  geology  of  the  area  could  be  contributing  to  the  problem. 

There  are  three  granite  quarries  located  in  the  area  at:  (1) 
Rawlings,  (2)  Fort  Pickett,  and  (3)  Burkeville.  The  quarries 
in  Rawlings  and  Burkeville  are  both  active  and  in  production. 

Visits  to  these  sites  and  discussions  with  the  quarry  managers 
indicated  that  a granite  ridge  did  run  between  Rawlings  and 
Burkeville.  They  also  indicated  that  they  did  extensive  blasting 
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within  the  quarries  (up  to  400  kilograms  of  explosive  per  delay, 
with  several  delays  being  fired  in  a string),  with  no  complaints 
registered  from  their  neighbors.  The  manager  of  the  quarry  at 
Burkeville  also  stated  that  Hercules  Powder  Company  made  routine, 
periodic  seismic  measurements  (ground  motion)  and  had  never  detected 
any  vibration  levels  that  could  cause  annoyance  or  damage  to 
structures. 

The  noise  generated  by  explosive  demolition  operations  at 
Fort  Pickett  was  studied  in  a series  of  experimental  firings. 

All  of  the  charges  were  cylinders  with  a length  to  diameter  ratio 
of  1/1.  The  charges  were  either  TNT  or  Composition  C-4.  One 
charge  was  detonated  on  the  surface,  one  three  meters  above  the 
surface,  and  the  remainder  either  in  open  holes  or  buried.  Instru- 
mentation consisted  of  microphones  with  their  associated  electronics, 
ground  motion  gages,  magnetic  tape  recorders,  and  sound  pressure 
level  recorders.  Measurements  were  made  at  3 locations  (Figure  3). 

No  explosion  noise  above  ambient  background  was  recorded 
in  Alberta,  McXenney,  Victoria,  or  Burkeville.  The  background 
noise  changed  with  the  time  of  day  and  local  traffic  conditions 
at  each  measurement  site.  Moreover,  during  wind  gusts,  the 
ambient  background  jumped  even  higher.  As  a result,  no  absolute 
number  can  be  given  for  the  background. 

At  the  four  close-in  stations,  the  sound  levels  were  below 
90  decibels  for  all  charges  fired  in  a tamped  hole  within  a crater. 
The  maximum  recorded  level  was  109.5  decibels  at  the  closest 
station  (3700  meters)  for  a shot  in  an  open  hole  (Figure  4) . 

No  detectable  ground  motion  was  recorded  on  any  of  the  shots 
at  any  of  the  recording  locations.  As  a check  on  the  ground  motion 
sensors,  a "heel  drop"  test  was  performed  at  each  location. 

In  this  test,  a person  stands  near  the  gage,  rises  up  on  the 
balls  of  his  feet  and  allows  his  weight  to  drop  on  his  heels. 

The  amplitude  recorded  here  was  over  5mm/sec  at  each  station. 

Some  representative  noise  and  vibration  thresholds  are  presented 
in  Figure  5.  Thus  we  can  estimate  that  the  ground  motion  generated 
by  the  explosions  was  at  least  a factor  of  20  below  that  which 
could  cause  minor  structural  damage,  such  ***  plaster  cracking. 

(4)  Land  Use 

As  long  as  Camp  Pickett  remains  in  existence  and  retains 
its  current  mission,  the  entire  impact  area  will  be  unsuitable 
for  any  other  usage.  In  order  t-o  convert  it  to  non-military 
use,  it  would  be  necessary  to  conduct  a systematic  and  thorough 
inspection  and  to  remove  or  destroy  all  dud  Ordnance.  As  the 
munition  disposal  area  is  within  the  impact  area,  there  is  no 
possibility  of  using  it  for  any  but  ordnance-related  activities 
by  ordnance  experts. 

The  direct  effects  of  the  explosions  on  the  land  include 
cratering  and  the  deposit  of  metal  fragments,  solid  explosion 
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products,  and  possibly  undetonated  explosive.  Extensive  operations 
doubtless  lead  to  a removal  of  vegetation  and  erosion  of  the 
site. 


Tn  summary,  the  major  effects  are  the  cratering  and  erosion 
of  the  site.  The  littering  with  metal  fragments  is  similar  to  that 
resulting  from  the  use  of  the  area  as  an  impact  range.  Cratering 
is  not  irreversible,  as  the  land  could  be  leveled  with  bulldozers 
after  a removal  of  dud  ammunition.  Other  debris,  such  as  packing 
containers,  can  be  removed  after  each  disposal  operation. 

There  is  no  doubt  that  noise  is  generated  by  explosions, 
but  the  amount  of  distant  noise  that  might  be  a nuisance  to 
residents  can  be  reduced  by  a careful  consideration  of  atmospheric 
conditions  and  by  charge  burial. 

For  example,  if  air  temperature  increases  with  height  in 
the  lowest  1500  meters,  the  speed  of  sound  will  increase  with  height 
and  sound  rays  will  bend  over  and  return  to  earth  at  some  distance 
from  the  source.  This  channeling  and  focussing  effect  can  cause 
exceptionally  large  noise  at  a distance  of  miles.  With  very 
large  charges  it  could  lead  to  window  breakage.  To  avoid  this 
possibility,  tests  should  be  conducted  when  weather  conditions 
are  good,  that  is,  no  low  level  temperature  inversions  and  no 
fog. 


In  regard  to  burial,  it  is  known  that  the  air  shock  wave 
is  reduced  when  an  explosive  charge  is  detonated  at  increasing 
depths  in  the  ground.  For  example,  if  the  depth  of  a 227  kg 
charge  is  increased  from  .3  meters  to  2.4  meters,  the  peak  pressure 
in  the  air  is  reduced  by  a factor  of  16.  The  air  shock  becomes 
a sound  wave  at  a distance  and  creates  an  impulse  type  of  noise. 

The  Occupational  Safety  and  Health  Act  (OSHA)  has  set  an  impulse 
noise  limit  of  140  decibels,  and  a noise  level  of  90  decibels 
is  considered  to  be  loud  but  not  harmful. 

It  is  clear  that  the  charge  weights  employed  in  the  tests 
con  be  detonated  without  creating  a nuisance  to  surrounding 
residents  by  the  generation  of  excessive  levels  of  sound.  However, 
it  is  essential  that  they  be  at  the  bottom  of  a 3-meter  pit  and 
be  covered  with  about  3 meters  of  soil.  The  report  includes 
an  estimated  upper  limit  of  227  kg  for  detonation  in  this  manner. 

Summary* 

It  is  clear  that  undesirable  effects  such  as  noise, 
fragmentation,  dust,  and  ground  shock  can  be  held  to  acceptable 
levels  by  limiting  explosive  weights,  burying  of  explosives, 
firing  when  the  weather  is  not  conducive  to  channeling  or  focussing 
of  shock  or  aound  waves,  and  by  allowing  an  adequate  time  interval 
between  detonations.  The  evidence  indicates  that  the  charge 
weight  should  not  exceed  227  kilograms  and  that  the  explosive 
should  be  bulried  about  3 meters  beneath  the  bottom  of  a 3-meter 
open  pit. 
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FIGURE  1 CONCENTRATION  OF  MERCURY,  TNT,  AND  LEAD  IN  WATER  SAMPLES 
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FIG.  3 MEASUREMENT  LOCATIONS 


FIGURE  4 AIRBLAST  DATA. 
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FIG.  8 NOISE  AND  VIBRATION  THRESHOLDS 
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ENERGY  PARTITIONING 
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• 

Rock  Mechanics  and  Explosives  Research  Center 
University  of  Missouri-Rolla 
Rolla.  Missouri 


Abstract 

Concrete  blocks  containing  a known  quantity  of  explosive  have  been  tested 
underwater,  to  prevent  secondary  fragmentation,  and  In  an  explosive  chamber  - 
calorimeter  system  as  part  of  an  energy  partitioning  study.  The  portion  of  the 
total  energy  available  that  goes  into  creating  new  surface  area,  heating  of  the 
fragments,  heating  the  Reaction  chamber,  and  the  residual  heat  of  the  product 
gases  and  air  has  been  determined. 

Introduction 

While  explosives  have  been  employed  for  blasting  for  over  centuries,  only 
limited  theory  has  been  developed  and  little  experimental  work  performed  to  evaluate 
the  partitioning  of  explosives  energy  In  blasting  processes.  Three  theories  have 
been  employed  to  evaluate  the  crushing  energy:  The  Rittlnger  theory  states  that  the 
energy  is  proportional  to  the  new  surface  area  formed  and  may  he  expressed  as 


<l/di ) - 100/dQ) 


The  Kick  theory  states  that  the  energy  of  crushing  is  proportional  to  the 
particle  size  reduction  and  IS  expressed  as 
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Bond's  third  theory  is  a compromise  between  these  two  and  Is  given  by 
E - Kb  |l°  pct1  (1/d^)  - (100/djj1*)  j . 

In  these  formulas  E Is  energy,  the  K's  are  constant,  d^  is  particle  size  diam- 
eter of  a given  screen  fraction,  and  dQ  is  the  diameter  of  unbroken  material.  Bond's 
theory  applies  well  to  commercial  crushing  and  grinding  but  does  not  take  Into  ac- 
count the  energy  required  for  creating  very  fine  particles.  Rlttlnger's  (surface 
energy)  theory  Is  believed  to  be  more  nearly  correct  and  was  used  In  this  study. 

The  available  work  from  an  explosive  Is  given  by: 

f3 

A ■ | p dv 

P4 

where  p3  is  the  pressure  of  the  "explosion  state1'  and  p4  Is  the  final  pressure, 
usually  atmospheric.  This  Is  often  approximated  closely  by  the  heat  of  explosion 
In  the  explosion  state,  l.e.,  considering  the  explosion  products  to  be  at  a density 
equal  to  that  of  the  explosive  and  the  chemical  equilibria  calculated  accordingly. 
Either  value  can  be  determined  by  computer  program. 

The  total  energy  of  an  explosive  detonated  under  the  above  test  conditions  can 
be  classified  as  follows: 

a.  Surface  energy  of  broken  materials  * Hh 

b.  Residual  heat  of  gasos  and  air  ■ Hb 

c.  Residual  heat  of  broken  material  * H. 

i C 

d.  Residual  heat  of  box  • 

e.  Compaction  of  specimen 

f.  Elastic  deformation  of  specimen 

g.  Elastic  deformation  of  box 
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h.  External  shock  and  sound 

1.  Formation  of  secondary  chemical  products 

Of  these  categories  Items  a thru  d can  be  measured.  Items  e thru  £ will  be 
Included  In  the  first  four.  The  last  two  are  considered  negligible  for  the  purposes 
of  this  study. 

A heat  balahce  may  be  set  up  as  follows: 

Q : A ■ H4  . Hb  + Hc  t H4 

where  A Is  the  total  available  chemical  energy  from  the  explosive. 

Experimental 

Cylinders  of  very  fine  aggregate  concrete  (neet  cement)  were  prepared  con- 
taining small  quantities  of  a permissible  explosive  and  were  cured  under  saturated 
lime  water  until  they  obtained  their  maximum  strength.  These  test  specimens  (Fig.  1) 
were  then  suspended  In  an  explosion  chamber  (Fig.  2)  fitted  with  a quick  release 
port  by  wbic(v  thq  broken  fragments  could  be  dropped  Into  a calorimeter  (Fig.  3). 
Additional  samples  were  anchored  In  a steel  box  filled  with  water  for  underwater 

1 

fragmentation,  tests  (Fig.  4). 

Resul ts 

Experiments  were  performed  In  the  reaction  chamber  on  specimens  containing  from 
3 g to  40  g of  explosive.  The  air  temperature  Increase  In  the  chamber  and  water 
temperature  Increase  In  the  calorimeter  ranged  from  2.40  to  11.62  deg  C and  from 
0.68  to  4.31  deg  C,  respectively,  depending  on  the  quantity  of  explosive  used. 

The  fragments  were  screened,  the  particle  size  distribution  determined,  and  com- 
parisons made  with  drop  hammer  results.  Tests  were  conducted  using  the  concrete 
cylinders  containing  1,  2,  3,  and  4 g of  explosive,  underwater,  utilizing  a frag- 
ment catcher  to  eliminate  secondary  breakage  against  the  walls.  The  cumulative' 
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logarithmic  diagram  of  screen  analysis  on  the  5.3  m height  drop  hammer  tests 
correlates  with  the  results  obtained  from  the  1 g,  underwater  tests  {Fig.  5).  The 
energy  Is  essentially  the  same  and  the  particle  size  distribution  Is  similar.  A 
computer  program  was  utilized  to  calculate  the  energy. 

Explosion  product  gases  were  analyzed  on  an  A-700P  Varlan  Gas  Chromatograph. 

Two  chambers  were  fabricated  for  confining  the  explosive  effects  and  the  product 
gases.  One  was  20.3  cm  In  diameter,  13.7  cm  long,  2.5  cm  wall  thickness,  and  was 
designed  for  3 g of  explosive.  The  second  chamber  was  10.2  cm  In  diameter,  18.3  cm 
long,  1.3  cm  wall  thickness,  and  was  designed  for  1 g of  explosive.  The  chambers 
were  evacuated  prior  to  Initiation  of  the  explosive  and  sampled  by  a hypodermic 
needle  Inserted  through  a septum.  Connections  were  threaded  In  the  end  plates 
and  had  needle  valves  and  a vacuum  gage. 

A theoretical  computation  was  made  based  on  the  explosive  composition  and  load- 
Ing  density  to  determine  the  detonation  and  explosion  state  temperature,  pressure, 
heat  of  explosion,  reaction  products,  and  the  detonation  velocity.  The  theoretical 
gaseous  concentrations  compare  with  the  results  obtained  from  the  Gas  Chromatograph. 

Summary 

The  heat  of  explosion  (Q3)  was  calculated  by  use  of  the  thermohydrodynamic 
detonation  theory  from  known  physical  properties  of  the  explosive;  A Is  approxlipately 
equal  to  Q3;  Hfl  was  determined  from  calibrated  drop  hammer  tests  by  comparison  with 
the  Input  energy  to  produce  equivalent  breakage  and  particle  size  distribution  and 
from  the  underwater  shots;  Hfa  was  found  directly  from  reaction  chamber  measurements 
and  calculated  Independently  from  gas  chromatography  results  of  the  explosive  gases, 
the  tWo  results  being  In  agreement;  H was  measured  experimentally  In  a calorimeter; 
and  Hd  was  found  by  difference  and  approximated  by  two  experimental  values. 
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652.2  64.8  117  62 

72.8*  7.2*  13.1*  6.9* 

For  the  above  completely  confined  explosive  charge  at  least  72.8  percent  of 
the  explosive  energy  was  transmitted  to  the  confining  solid  (concrete)  and  con- 
verted to  breakage  energy.  For  surface  energy  determinations  the  concrete  cylin- 
der was  free  on  all  surfaces,  suspended  Inside  a plastic  container  underwater  to 
prevent  the  fragments  from  Impacting  against  the  chamber  walls  causing  further 
breakage. 

This  experiment  Illustrates  dramatically  why  confined  explosives  are  so  ef- 
fective In  rock  breakage. 


Q3  or  A 
(cal /g ) 

896 

100* 
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ABSTRACT 

A field  portable  system  for  the  dissolution  of  main  charge  explosives 
is  being  developed.  Card  gap  tests  showed  that  the  dissolution  pro- 
cess resulted  in  a desensitization  of  the  high  explosives.  Detonations 
of  saturated  solvent  containing  excess  explosive  demonstrated  that 
there  was  no  solvent  contribution  to  the  detonation  overpressure. 

The  feasibility  of  dissolving  just  the  explosive  surrounding  the  booster 
and  utilizing  attenuating  materials  to  prevent  sympathetic  detonation 
of  the  main  charge  as  a result  of  booster  detonation  was  demonstrated. 

Discussion 


Two  approaches  to  explosive  neutralization  were  Initially  consid- 
ered: neutralization  through  chemical  reactions  and  solvent  dissolution. 

Picatinny  Arsenal  performed  a "state-of-the-art"  paper  study 
looking  into  the  feasibility  of  using  chemical  neutralization  reactions 
in  a portable  system.  The  study  concluded  that  all  neutralization 
reactions  were  too  exothermic  to  be  used  on  such  a large  scale  and 
recommended  that  the  dissolution  approach  be  followed. 

The  dissolution  technique  has  been  selected  for  the  present  system 
design.  The  system  consists  of  a storage  tank,  pumping  vmit(s),  an 
Injection  unit,  and  a suitable  solvent.  The  solvent  Impinges  on  the 
explosive  surface  through  a hole  in  the  ordnance  case,  is  collected, 
and  recycled  until  it  becomes  saturated  with  explosive.  A diagram 
of  the  anticipated  system  layout  is  given  in  Figure  1,  A filtering 
mechanism  is  required  to  remove  particles  of  aluminum  or  undis- 
solved explosive  from  the  main  stream  in  order  to  prevent  damage 
to  process  pumps. 

Work  initially  completed  at  the  Naval  Surface  Weapons  Center, 
(NAVSURFWPNCEN),  White  Oak  included  a study  to  select  a suitable 
overall  solvent  for  explosives.  Factors  considered  in  chooolng  a 
solvent  were  explosive  solubility,  cost,  availability,  convenience, 
melting  point,  boiling  point,  and  the  toxicity.  Solubilities  of  standard 
military  explosive  (HMX,  RDX,  TNT,  HNS,  and  DATB)  were  deter- 
mined in  various  solvents  from  25  *C  to  98*C.  The  solvents  used 
were  from  various  classes  of  compounds  (acids,  amides,  amines, 
esters,  ketones,  nitriles,  nitro  compounds,  etc.),  Dimethylfovmam- 
ido  (DMF)  appeared  to  bo  the  best  choice  for  a general  explosive  sol- 
vent (reference  1).  Table  1 reviews  various  properties  including 
solubilities  of  some  typical  solvents, 

The  sensitizing  or  desenoitizing  effect  of  DMF  on  explosive  in 
solution  and  slurry  form  were  of  concern  to  syetem  development,  ,A 
study  was  conducted  by  NAVSURFWPNCEN,  White  Oak  to  observe 
these  effects.  The  NOL  large  scale  gap  test  was  used  as  a measure 
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oi  the  sensitivities  of  several  slurries  of  explosives  and  solvents. 

The  large  scale  gap  test  Is  a donor/acceptor  explosive  train  pro- 
pagation test  with  the  components  separated  by  any  number  of  stand- 
ard thickness  plastic  cards.  Card  value#  refer  to  the  distance  between 
the  donor  and  acceptor  charges  where  one  card  corresponds  to  0.01 
inch  separation.  Higher  card  values  describe  more  sensitive  samples. 
A slurry  of  TNT  end  DMF  containing  a 50  percent  excess  of  TNT 
over  the  amount  required  to  give  a saturated  solution  in  DMF  at  25  *C 
(68  percent  TNT  by  weight)  failed  to  give  a positive  test  (high  order 
detonation  perforating  the  witness  plate)  at  50  cards,  whereas 
TNT  at  65  percent  theoretical  maximum  density  (TMD)  has  a value  of 
282  cards.  Slmllary,  a mixture  of  RDX  and  DMF  containing  a 50  per- 
cent excess  of  RDX  over  the  amount  required  to  give  a saturated  sol- 
ution in  DMF  at  25*0  (35  percent  RDX  by  weight)  did  not  give  a pos- 
itive test  at  50  cards.  RDX  at  85  and  91  percent  TMD  yields  values 
of  336  and  323  cards,  respectively.  It  was  concluded  that  by  dis- 
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solving  a sensitive  high  explosive  in  DMF  a dcsensitzed  solution  is 
produced 


Table  I 

Solubilities  of  Explosives  (g/lOOg)  at  25*C  after  five  minutes 


SOLVENT 

Melting 
Point  *C 

RDX 

HMX 

TNT 

HNS 

DATE 

Ammonium 
.Pi  crate 

Dlmethylsulf- 
oxlua  fDMSni 

IB 

41 

57 

128 

1.4 

IBS 

75 

Wggj||g 

mm 

40 

Solvate 

mm 

.2.4 

mm 

1 

Dimethylfor- 

mamidemMF' 

1 

37 

■mm 

1-5 

m 

on 

BH 

l -30 

41 

mm 

j| 

2.3 

70 

71.  7%  DMF 

28.  3%DMSO 

t 

03 

o 

mm 

Solvate 

142 

1.7 

mm 

95 

Butyrolact- 

one 

-42 

14 

12 

m m 

0.4 

0.8 

Acetone 

-94 

8.2 

2.8 

m m 

0.1 

0.4 

Cyclohexan- 
one   

-47 

7.7 

1.0 

mm 

1.1 

«.  m 

Sven  though  the  solution*  were  lees  sensitive  than  the  explosive* 
themselves,  the  question  arose  whether  the  solvent  would  contribute 
to  the  explosive  blast  output.  This  information  was  needed  for  ass- 
essing possible  damages  resulting  if  an  accidental  explosion  occurr- 
ed during  removal  of  high  explosives  from  munitions  with  the  DMF 
solvent  or  during  the  transportation  and  disposal  of  the  contaminated 
solvent.  The  blast  outputs  from  saturated  solutions  of  TNT  and  DMF 
were  measured  and  compared  with  overpressures  from  spherical 
charges  of  TNT.  Two  saturated  DMF/TNT  liquid  charges  were 
fired  and  free  air  blast  outputs  were  recorded  at  varying  distances. 

The  first  test  was  a 4480  gram  saturated  solution  of  DMF/TNT  boost- 
ered  with  a EDO  gram  pentollte  cylinder.  A second  test  consisted  of 
two  plastic  one  gallon  containers  of, saturated  DMF/TNT  solution 
taped  together  and  boostered  by  a 500  gram  pentollte  cylinder.  Re  sults 
indicate  that  the  saturated  DMF/TNT  solutions  did  not  detonate  high 
order;  the  blast  output  was  approximately  equivalent  to  that  of  the 
booster  alone. 

Three  liquid  charges  containing  saturated  DMF./H>  6 uolutton  plus 
excess  undis solved  H-6  were  fired.  Two  of  the  charges  were  contain- 
ed in  one  gallon  plastic  cartons  with  35  percent  and  f5  percent  excess 
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undis  solved  RDX  by  weight.  The  third  with  a 35  percent  -axeess  un- 
dls solved  H-6  was  contained  In  & two  gallon  polyethylene  bag.  In 
these  three  tests  all  charges  were  boostered  by  579  gram  pentolite 
cylinders.  The  air  blast  output  of  the  DMF/H-6  was  approximately 
equivalent  to  the  air  blast  of  an  equal  amount  of  H-6,  in  none  of  the 
teste  was  there  evidence  that  the  DMF  contributed  to  the  detonation. 

Two  approachea  for  explosive  washout  are  the  complete  and  the 
partial  dissolution  of  the  main  charge.  Due  to  the  greater  time  and 
solvent  requirements  of  the  complete  washout  method  the  partial  main 
charge  removal  technique  appeared  more  attractive.  A test  program 
has  been  run  to  determine  the  amount  of  explosive  which  must  be  re- 
moved from  around  the  booster  cup  of  a bomb  in  order  to  interrupt 
the  explosive  train,  Mk  81  and  82  bomb  sections  have  barn  modified 
and  loaded  with  H-6  explosive  to  within  varying  distances  of  the 
booster.  Figure  2 ebows  the  teat  set-up.  Two,  three,  four  and 
five  inch  gape  wore  left  between  the  booster  cups  and  the  main  charges. 
50/50  pentolite  boosters  of  approximately  230  grams,  drilled  for  in- 
sertion of  blasting  caps,  were  used  to  initiate  the  sections.  The 
gaps  in  these  initial  tests  were  filled  with  various  materials  for  blast 
and  fragment  attenuation.  A length  of  det  cord  waa  inserted  through 
a previously  machined  hole  in  the  welded  metal  plates  and  placed 
across  a lead  witness  block  far  evaluation  after  the  test.  The  teat 
involved  inserting  the  blasting  cap  into  the  booster,  firing  the  cap 
remotely,  and  observing  whether  a detonation  occurred.  Table  2 
summarises  the  tests  performed.  In  no  case  was  a high  order  deton- 
ation observed,  as  evidenced  by  the  lead  plates  being  unscarred. 

Table  2.  Partial  Washout  Feasibility  Tests 


Bomb /Section 

Booster/Main  Charge 
Gap  (in. ) 

Explosive 

W sight  (lbs.) 

Attenuating 

Material 

Mk  82/T 

5 

25 

Sand  . 

Mk  81/N 

5 

15 

Mr 

Mh  81/N 

4 

17 

Mr 

Mk  81/  N 

3 

19 

Air 

Mk  82/T 

2 

35 

Sand 

Mk  81/T 

2 

2.7 

DWF 

Mk  82/T 

2 

35  ' ’ 

Air 

Mk  81/T 

. .2 

28 

Air 

Mk  Bl/T 

2 

26 

. Air*  ■ 

* Full  explosive  yield  not  realised  by  the  booster. 


No  detonations  ware  observed  using  239  grams  50/50  pentolite  boosters , 

. • i . . 
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The  peutolite  boosters  wero  sufficient  in  each  test  to  fracture  the 
bomb  casing,  leaving  larg^  fragments  spread  over  the  test  area  within 
100  yards  of  the  initiation  site. 

Conclusion 

The  dissolution  process  has  been  shown  to  be  effective  against 
all  non-PBX  type  high  explosives,  reducing  them  to  a desensitised 
solution  of  explosive  and  DMF.  The  DMF  has  demonstrated  no  con- 
tribution to  explosive  blast  output  when  detonated  in  the  solvated  form. 
A partial  main  charge  removal  technique  has  been  shown  to  be  feasible. 
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U.E.  Capt.  of  the  Interior 
Geological  Survey 

Pacific-Arctic  Breach  uf  Marine  Geology 
3^5  Middlefield  Road 
Menlo  Park,  Ualiforuia  S4k)2|3 

.Mr.  ' Motfi  L,  Holn.te 
0 S . Department  of  the  Interior 
Geni.ogl.ctl  Survey 

1107  Northeast,  V5  Street,  Suite  110 
Seattle,  Washington  98105 

lti£>  Miltoh  B.  Aronstwn 

U.S.,  Department  of  Commerce  - K0AA  - Washington  Science 
Center,  Building  5 

C010  Executive  Blvd.  \ 

Rockyille,  Maryland  20052  ' . 

1 - ■ • y 
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Mr.  E&aaeti;  S.  Hill,  Or. 

U>.S.  Department  of  Commerce  - NOM  - ’iaALington  Buience 
Canter,  Puilding  5 
6010  Executive  Blvd. 

Rockville,  Meryl and  £0852 

Dr.  Donald  F.  Martlneau 

Deputy,  Asaocint'.  A*jklulstrator  for  Jlarine  Resources 
National  Oceanic  and  Atmospheric  Administration 
Rockville , Maryland  20852 

Captain  Scott  E.  Drummond 

National  Oceanic  and  Atmospheric  Administration 
Room  918 

Rooky ilia , Maryland  20652 

Commander  John  0.  McMJ.llcn,  UDW 

National  Oceanic  and  Atmospheric  Administration 

Ko&m  1010,  V3C-: 

6010  Executive  Blvd. 

Rockville,  Maryland  20852 

Richard  A.  Zaoiiari  asca,  LTJO  HOAA 
Officio  of  Environmental  Monitoring  and  Prediction 
Oceanographic  Services,  WSC  Building  5,  Room  805 
Rockville,  Maryland  20852 

Dr.  Robert  Rn.ua oh  ' 

U.S.  Public  Health  Service 
Arcilo  Health  P.eoearch  Center 
College,  Alaska  99701 

National  Academy  of  Sciences 
2101  Constitution  Avenue,  N.W. 

Washington,  D.C.  20413 
Attn 1 Ooorge  Whits 
H.  H.  Fawcett 
Donald  0.  Groves 

Mr.  Harold  F.  Metcalf 
National  Science  Foundation 
Room  537 

18th  and  G Streets,  N.W. 

Washington,  D.C.  20550 

Department  0$  Commerce 

Deputy  Aesiotaht  Secretary  for  Kr-vi ronmental  Affairs 
Room  3425 

Washington,  D.C.  20230 

Attn:  Dr ^ Sidney  R,  Galler 
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Department  of  the  Interior 
Bureau  of  Sports  Fisheries  and  Wildlife 
Interior  Building 
Washington,  D.C.  20240 
Attn:  John  S.  Gottschelk,  Director 

Bureau  of  Commercial.  Fisheries 
Interior  Building 
Washington,  D.C.  20240 

Attn:  Dr.  Philip  M,  Roedel,  Director 

Department  of  Transportation 
U.S.  Coast  Guard 
400  7th  Street,  S.W. 

Washington,  D.C.  00591 
Attn:  Charles  C.  Bates 

U.S.  Energy  Research  and  Development  Administration 

Nevada  Operations  Office 

F.O.  Box  14100 

Los  Vegas,  Nevada  89114 

Attn:  Environmental  Effects  Division 

Dr.  R.  W.  Van  Dolafa 
U.S.  Bureau  of  Mines 
4800  Forbes  Avenue 
Pittsburgh,  Pennsylvania  15213 

Counoll  on  Environmental  Quality 
722  Jackson  Flaae,  W.W. 

Washington,  D.C.  20006 

U.S.  Energy  .Retaarch  and  Development  Administration 
Washington,  D.C.  20545 
Attn:  Thom on  F.  Cornwall 

Dr.  Herbert  S.  Skovronek 

U.3.  Environmental  Protection  Agency 

Raritan  Arsenul 

Edison,  Netr  Jersey  08817 

LT  Barry  E.  Chambers 
USC0  Atlantic  Strike  Team 
Elisabeth  City,  N,C.  27909 

Me.  Karen  Bachman 
U.S.  Geological  Survey 
HOT  n.K,  45th  Street,  Suite  110 
Beattie,  Washington  98105 


15 


NSWC/WOL/TR  77-36 


Sydney  T.  Smith 
U.S.  Dept,  of  Commerce 
Sm.  100,  VSC-5 
6010  Executive  Blvd. 

Rockville,  Mary  lend  20052 

Fletcher  F.  Eckard 
U.S.  Dept,  of  Commerce 
AT1X3,  WSC-5 
6010  Executive  Blvd. 

Rockville,  Md.  20852 

Mr.  Michael  Ludvig 

U.S.  Dept,  of  Commerce,  NOAA,  KHFS 

Biological  Laboratory 

Milford,  CT  06460 


State  Qovernmente 


State  of  Maryland 
Fleh  and  Wildlife  Administration 
Annapolis  H Maryland  2l4o4 
Attn:  Nr.  Charles  Frisby 
Barbara  Holden 

Btate  of  North  Carolina, 

Dept  of  Natural  and  Economic  Resources 
Division  of  Marine  Fisheries 
Box  769 

Morehead  City,  North  Carolina  20557 
Attn:  Willard  Lane,  Artificial  Reef  Program 
Jim  Tyler,  Artificial  Reef  Program 

South  Carolina  Marine  Resource*  Division 
2024  Kiybank  highway 
Charleston,  South  Carolina  29412 
Attn:  Michael  D.  MeKenilo 

Mr.  M.  Falanruv 
Staff  Eoologlst 

Trust  Territory  Environmental  Protection  loard 

P.0.  Box  215 

Yap,  W.  C.I.  96943 

Howard  J.  King,  B-2 
580  Taylor  Avenue 
Annapolis , Maryland  21401 
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Lance  L.  Trasky 

Fisheries  Research  Biologist 

Stats  of  Alaska,  l)«pt.  of  Flah  and  Sana 

333  Raspberry  Road 

Anchorage,  Alaska  99502 

Mr.  Joseph  R.  Blum 

Deputy  Commissioner 

Alaska  Department  of  Fish  and  Game 

Support  Building 

Juneau,  Alaska  99801 

Robert  J.  Vienhold 

Fisheries  Biologist,  Habitat  Section 
State  of  Alaska,  Department  of  Fish  and  Game 
333  Raspberry  Road 
Anchorage,  Alaska  99501 

Wildlife  Protection  Branch 
Department  of  Fish  and  Oaaa 
lUl6  Hinth  Street 
8acramento,  California  95014 

Nr.  Doyle  Oates,  Regional  Manager 

Marine  Resources  Division 

State  of  California 

350  Golden  Shore 

Long  Beach,  California  90802 


State  of  Florida 
Department  of  Natural  Resources 
Oil  and  Qaa  Administrator 
Bureau  of  Geology 
Box  631 

Tallahassee,  Florida  32302 

State  of  Florida 
Department  of  Natural  Resources 
Larson  Building 
Tallahassee,  Florida  32304 

Fred  Dunham 

State  of  Louisiana 

Wildlife  and  Fisheries  Commission 

P.0.  Box  44095,  Capital  Station 

Baton  Rouge,  Louisiana  70804 

State  of  Maryland 

environmental  Health  Adminiatratlon 
F.O.  Box  13387 
Baltimore,  Maryland  21203 

Attns  Mr.  1.  B.  Robison,  Bureau  of  Air  Quality  Control 
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Universities 

Dr.  William  J.  Hargis,  Director 
Virginia  Institute  of  Marine  Science 
Gloucester  Point,  Virginia  23062 

University  of  Washington 
College  of  Fisheries 
Fisheries  Research  Institute 
Seattle,  Washington  9819$ 

Attn:  Dave  R.  Gibbons 

Charles  ftlnenetad.  Biologist 


Dlreotor 

Woods  Hole  Oceanographic  Institution 
Woods  Hole,  Massachusetts  02543 
Attn:  Dr.  Bostvlck  Ketchua 
Library 

Dr.  Gifford  C.  Swing 
Dr.  Karl  E.  Hays 


VEBIAC 

Institute  of  Science  and  Technology 
University  of  Michigan 
Boat  6lfi 

Ann  Arbor,  Michigan  46107 
Director 

Scripps  Institution  of  Oceanography 
La  Jolla,  California  92037 
Attn:  Fred  Bpiess 

School  of  Oceanography 
Oregon  State  University 
Corvallis,  Oregon  97331 
Attn:  A.  0.  Carey,  Jr. 

Librarian 

Dr.  Gerald  B.  Rupert 
University  of  Missouri-Bolla 
Rock  Mechanics  Dspt. 

107  Land  Survey  Building 
Rolla,  Missouri  6$401 

Dr.  Robert  B.  Beckmann 
Dean,  School  of  Engineering 
University  of  Maryland 
College  Park,  Maryland  20740 

University  of  Missouri  - Rolla 
Rock  Mtctbanios  and  Explosives  Rtssaroh  Center 
Bushier  Building 
Rolla,  Misuouri  65401 
Attn:  Dr.  Ronald  R.  Rollins 
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.Dr.  Alf  Piachbein 
Mount  Ginai  School  of  Medicine 
Department  of  Environmental  Medicine 
Fifth  Avenue  and  lOOtli  Street 
Hew  York,  NY  10029 

Cheaaapeake  Bay  Institute 
The  Johns  Hopkins  University 
Boltimoret  Maryland  21216 

Chesapeake  Biological  Laboratory 
P.0.  Box  36 

Solomons , Maryland  20666 
Attn!  Dr.  T.  S.  Y.  Koo 

Dr.  Joseph  A.  Mihursky 
Dr.  Martin  L.  Wiley 
John  S.  Wilson 

Dr.  Oeorge  A.  Kiersch 

Professor,  Department  of  Geological  Sciences 
Cornell  University 
Ithaca,  New  York  1U05O 

Dr.  William  B.  Jackson,  Director 
Environmental  Studies  Center 
Bowling  Green  State  University 
Bowling  Green,  Ohio  1*3403 

Charles  B.  Bishop 

Marine  Physical  Laboratory,  SIO/UCGO 
Bldg.  106,  Naval  Undersea  Center 
San  Diego,  California  92106 

Director 

Applied  Physics  Laboratory 
Johns  Hopkins  University 
Johns  Hopkins  Road 
'aural,  Maryland  20810 

Director 

Physics  Laboratory 
University  of  Washington 
Seattle,  Washington  9610$ 

Director 

Applied  Research  Laboratory 
Pennsylvania  State  University 
P.0.  Box  30 

State  College,  Pennsylvania  l6801 

Attn:  Mrs.  Virginia  C.  Frank.  Librarian 
William  Moyer 
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Janes  Kates  , 

Arisons  Cooperative  Wildlife  Research  Unit 
214  Biological  Science  Building 
University  of  Arizona 
Tub con,  Arisons  85721 

t 

Qeorge  H.  Balaze,  Jr.,  Marine  Biologist 
University  of  Kavaii  at  Manoa 
Hawaii  Institute  of  Karine  Biology 
P.0.  Box  1346,  Coconut  Island 
Kaneohe,  Hawaii  96744 

George  B.  Clark,  Professor 
Mining  Engineering 
Senior  Research  Associate 
Excavation  Engineering  and 

fKMS'MS?  J?*ttSSS*  Golden,  CO  80*01 

Florida  State  University 
Tallahassee,  Florida  32306 
Attn:  R.  J.  Msnzles 

Professor  George  B.  Butler 
Professor  of  Chemistry 
University  of  Florida 
232  Leigh  Hall 
Gainesville,  Florida  32601 

Dr.  Melvin  Kaufmen 
Department  of  Chemistry 
University  of  Florida 
Oainesvllle,  Florida  32611 

Dr.  Joseph  B.  Levy 
Department  of  Chemistry 
George  Washington  Univarsity 
Washington,  D,C.  20006 

Department  of  Physics 
Harvey  Mudd  College 
Claremont,  California  91711 
Attn:  Dr.  Alfred  B.  Focke 

Dr.  Robert  L.  Fisher 
Dept,  of  Biology 
Juniata  Collage 

Huntingdon,  Pennsylvania  16652 

Marine  Resources  Division 
California  State  PlsHmias  La> 

350  South  Magnolia 
Long  Bet'll ch,  California  90802 
Attn:  Robert  Kanaau 


NSWC/WOL/ER  77*36 


Lamont-Doherty  Geological  Observatory 
Palisades,  New  York  109o4 
Attn:  Mr.  Robert  Gerard 

University  of  California 

Lawrence  Livermore  Laboratory 
P.O.  Box  808 

Livermore , California  v 9^550 
Attn:  Milton  Finger,  L402 

Richard  Guarienti,  L871 

Director 

Los  Alamos  Scientific  Laboratoiy 
University  of  California 
P.O.  Box  1663  ■■ 

Los  Alamos,  New  Mexico  87544 
Attn:  Dr.  D.  P.  MacDougall 
Report  Library 
Mortimer  Schwartz 
R.  N.  Rogers 


Private  Industry 
Battelle 

Columbus  Labors. 'cries 
505  King  Avenue 
Columbus,  Ohio  4o201 

Attn:  James  B.  Kirkwood 
R.  Glen  Fuller 
Ms.  Ann  W.  Rudolph 
John  B.  Brown,  Jr. 

Jerry  A.  Henkener 
Vonne  Linse 

Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park*  California  9^025 
Attn:  Dale  G.  Hendry 

Howard  M.  Peters 
Donald  L . Ros  b 

Stanford  Research  Institute 
Menlo  Park,  California  93555 
Attn:  Robert  Shaw 
Marion  Hill 

Sandia  Laboratories 
P.O.  Box  5800 

Albuquerque,  New  Mexico  87115 

Attn:  Dr.  Melvin  L.  Merritt  (9150) 
Jack  W.  Reed  (5^3) 
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Sandla  Laboratories 
P.0.  Box  969 

Livermore,  California  9^'50 
Attn:  Code  8151  (H.  Kriejer) 

Code  0361  (M.  Hicks) 

Code  8151  (Dr.  Donald  E.  Warns) 

Albin  Oronovicz,  President 
AROU8  PRESSURE  OROUT1NO  SERVICES,  IRC. 
22000  Ryan  Road 
Warren,  Michigan  140091 

Mr.  Norman  Shapira 
Hydronautios 

7210  Pindell  School  Road 
Laurel,  Maryland  20910 

Robert  E.  Eckels  & Aaaociatea 
Consulting  Engineers 
2101  Youngfleld 
Golden,  Colorado  80b01 

Dr.  Daniel  Cars  tea 
Mitre  Corporation 
West  Oats  Research  Park 
Mclean,  Virginia  22101 

Institute  for  Defense  Analyses 
•4  00  Army-Navy  Drive 
Arlington,  Virginia  22202 
Attn a Mr.  Rubinstein 

Jack  Klker 

Wor.dvtvrd  Clyde  Consultants 
Box  11U9 

Orange,  California  92668 

.‘Thomas  L.  Kirehberg 
B.O.C.  Sub  Ocean  Servicer 
1022  Wirt  Rood 
Houston,  Tea* » 77055 

Dr.  H,  Sikh* 

Life  Selena**  Division 
Syracuse  Research  Corp. 

Merry  Land 

Syracuse,  N.'i,  13210 

tfr.  John  Staff ier 
McHenry  and  Stuffier 
1720  Eye  St.,  3.W. 

Washington,  D^C.  20006 
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Lovelace  Biomedical  & Environmental  Research  Institute 
P.0.  Box  5890  ■. 

Albuquerque  / Nev  Mexico  87115 
Attn:  Dr . Donald  R . Richmond 
Dr.:  E.  Royce  Fletcher 
Dr.  Robert  K.  Jones- 
Mr.  John  T.  Yelverton 

Meteorology  Research,  Inc. 

464  West  Woodbury  Road 
Altadena,  California  91001 
Attn:  George  Wof finder 

Midvest  Research  Institute 
425  Volker  Boulevard 
Kansas  City,  Missouri  64110 
Attn:  William  B.  House 
Danny  0.  Helton 

Mount  Auburn  Research  Associates,  Inc. 

385  Elliot  Street 
Nevton,  Massachusetts  02164 
Attn:  Sheldon  L.  Kahalas 

Presearch,  Incorporated 
8720  Georgia  Avenue 
Silver  Spring,  Maryland  20910 
Attn:  Dr.  Gerald  Brubaker 
Steven  Stark 

Teledyne  Isotopes,  Palo  Alto  Laboratories 

4062  Fabian  Street 

Palo  Alto,  California  94303 

Attn:  Mr.  M.  P.  Hughes,  Manager 

Tetra  Tech,  Inc. 

630  N.  Rosemead.  Boulevard 
Pasadena,  California  91107 
Attn:  Dr.  Li-San  Hwang 

Underwater  Systems,  Incorporated 
World  Building,  Room  B-10 
8121  Georgia  Avenue 
Silver  Spring,  Maryland  20910 
Attn:  Dr.  Marvin  S.  Weinstein 
Daniel  D.  Woolstor 

URS  Research  Company 
155  Bovet  Road 

San  Mateo,  California  94402 

Vitro  Laboratories 
14000  Georgia  Avenue 
Silver  Spring,  Maryland  20910 
Attn:  Seymour  J".  Finkel  10-2002 

J.  M.  Rosenbusch/PRF-l6/2013 
Donald  K.  Felton 
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Sober*-  Ely 
Zinpro 

Rothschild,  Wisconsin  54474 

Resource  Planning 
4ll  Old  Kook  Road 
Emerson,  Rev  Jernay  07630 
Attns  Slin  Vinci 

Dr.  Samuel  <1.  Xosim 
Atomics  international 
8900  De  Soto 

Gauoga  Park,  California.  91304 
Bunker  Remo 

Electronic  Systems  Division 
3171T  Tienda  Drive 
Westlake  Village,  California  91361 
Attn:  Dan  L.  Cahill 

California  Research  & Technology,  Ino. 

6269  Varlel  Avenue,  Suite  200 
Woodland  Hills,  California  91364 
Attn:  Kaye  A-  Ritter 

David  Braslau  Aaaociatas,  Inc. 

2829  Itoiversity  Avenue,  S.E, 

Suite  342 

Minneapolis,  Minnesota  554l4 
Attn : David  Bronlau 

Dayton  T.  Brown,  Ino. 

Church  Street 
Bohemia,  Hew  fork  11716 
Atom  Mr.  Frank  Peter 

E.  I.  Dupont  de  Nemours  and  Co. 

Potomac  River  Development  Laboratory 
P.0.  Drawer  86 J 

Martiiiaburg,  West  Virginia  25401 
Attn:  Joha  H.  Crosby 
M.  1.  Kulilman 

John  J.  Ridgevey 
jHana^er  of  Technical  Services 
Explo  Precision  Engineering  Corp. 

Cfretua,  Louisiana  70053 

Oaneral  Electric  Co'.  -■  TSMP0/DASIAC 
,016  State  Street,  P.0.  Drawer  QQ 
Santa. Barbara,  Ca"  Ifomia  93102  j 

Abtn:  ..  Warren  W,  Chan  „ j 

Edward  C,  Avbuakle 

Kenneth  Oould  ; 
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IIT  Research  Institute 
3.0  West  '15  Street 
Chicago,  I3.lino.ts  6o6l6 
Attn:  K.  E.  McKee 

Dr.  Frank  I.  Hones 

Mason  and  Hanger-Silas  Mason  Co.,  Inc. 
P.O.Box  647 
Amarillo,  Texas  79177 


Defense  Documentation  Canter 
Cameron  Station 
Alexandria,  Virginia  22314 


